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Sharon ‘430’ is not a newcomer to the 
family — quite the reverse. It is the < 
of successful stainless types. It anted 
chromium-nickel stainless steels by m 
is a thoroughly tested steel with vol 
successful applications. 






























Automobile manufacturers have long 
material for complicated beading and 
both the fabrication and end use hay 
to critical tests. Hospital equipment 
utensils, jewelry, hardware have all t 
made from Sharon ‘430’ successfully. A 
towers, used in the manufacture of nit 
built of ‘430’ more than a quarter cent 
still in everyday service 

Sharon ‘430’ Stainless is available tod 
restrictions as to end use. If you are 
market for a metal with above avera 
get the whole story from your nearest 
office or write direct. Technical assistar 
available without obligation. 


SHARON STEEL CORPORATIOY 


Sha Low’, Fleandyloasia 
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Selecting the Right Journal Bearing Material by F. H. Scott, Jr. and EF. R. Booser. 
Summary of advantages and limitations of commonly used materials plus new compatibility data 
Chromate Protective Coatings by H.C. Irvin 


Chromate surface treatments for corrosion resistance and as a base for paint and plating 


Product Designs —— — 

Air controls run drawworks from one console; Ceramic sensing unit; Extensometer; Magnetic 
How Big a Motor? by F. H. Holman and L. H. Berkley 

Four methods for selecting the motor rating required for a satisfactory machine drive 
13 Ways to Use Magnetic Amplifiers by H. D. James . .. 

Descriptions of 13 circuits making practical use of the self-saturated magnetic amplifier 
Teflon Components and Coatings.................... 

Evaluation of the properties of Teflon and its mechanical and electrical app pli ations 
How to Provide for Backlash in Threaded Parts by Clifford T. Bower 

Illustrations are based on two types of adjustment—axial and radial. 


D-c Brakes for A-c Motors by R. C. May 


aaperng details on the a of the rectifier- beste to mac ines and equipment 





Putting data for each operation on a separate drawing eliminates errors as well as searching time 
Reducing Product Noise With Acoustic Materials. . 

How to use sound reducing materials for product design. 
High-Speed Photography by C. David Miller and Kenneth Shaftan . 


A special report that gives designers an understanding of high-speed photography and how 
it can be applied to reveal the details of dynamic events encountered in many scientific fields 


Solution of the Cubic Equation by a Simplified Procedure by Ennis F. Jones 
Time-saving method for finding real and complex roots of the cubic equation 


Simple Controls Have Sales Appeal by Edwin Drewitz 


Illustrated ao ussion of factors involved in selecting single and cnt element contruls 


reset developed styrene prneneen with markedly improved toughness 


Nomograph to Simplify Gear Tooth Calculations by W. T. Winter. 


Graphical method of calculating tooth factors for helical and spur gears. 
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In Canada, made and sold by Johnson Matthey & Mallory Ltd., 110 Industry St., Toronto 15, Ontar 


Electrical Contacts and Contact Assemblies 









MALLORY 


Assembly Engineering 


is qualified to handle all your problems 


You save time, trouble and expense when you turn your electrical co 


assembly problems over to Mallory. 


From design and material selection . .. to parts fabrication and finishing 


final assembly, Mallory is qualified by its facilities, personnel and experi 


to handle the u hole job for you. 


Mallory takes pride in the design of more than 5000 different contacts 


has developed many special alloys as well as new brazing and production t 
niques ... has pioneered in the development and practical application of pow 
metallurgy ... has designed and produced all kinds of switches. 


When Mallory engineers work for you, you get better contact assembly perforn 


ance ... lowered costs... freedom from the problems of handling, schedul 


and divided responsibility involved in assembling your own contact units. 


E...GET MORE FROM MALLORY 


When overheating in a circuit breaker contact assembly caused prematur 


failures, the problem was handed to Mallory assembly engineers. 


They solved it through the use of a strong, copper-base Mallory alloy in t! 
arcing blade . . . Mallory Elkonite® as the contact material . . . Mallory-developed 
brazing techniques. The assembly designed and produced by Mallory gave long 
life... at a lower cost . . . and permitted the power rating of the circuit breake 
to be increased 100%. 


It is reasonable to expect that Mallory engineers can do for you what they hav: 


done for others. Call or write Mallory today. 


















MALLORY & 





MALLOR 


co., 


For information on Titarium Developments contact Mallory-Sharon Titanium Corp., Niles, Ohio. 


Electrochemical Products— Capacitors Rectifiers * Mercury Dry Batteries 





SERVING INDUSTRY WITH 
Y Electromechanical Products— Resistors * Switches ¢ TV Tuners * Vibrators 


Metallurgical Products—Contacts * Special Metals * Welding Materials 







INC., INDIANAPOLIS 6, INDIANA 
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When requesting further information from companies and organiza 


tions mentioned in the items below, confusion can be avoided b 


refering to the issue of Product Engineering in which items appear 





METALLIC MATERIALS 


GAS REMOVAL from molten aluminum alloys to 
control casting porosity ‘s a matter of adding a 
proprietary mixture if micro- 
scopic examination indicates in- 
_ creasing porosity. Since porosity 
*” develops slowly, the additive (0.1 
" percent by weight of melt) is ap- 
} ( plied throughout a period of a day 
or more. If examination shows a decreasing 
trend in porosities, no additive is needed. 


am exit 





STAINLESS STEELS highly alloyed with copper, 
molybdenum, nickel and chromium show excel- 
lent corrosion resistance to a wide range of sul- 
furic acid concentrations. Control of composition 
and annealing at temperatures between 1,900 and 
2,100 F are recommended for these weldable al- 
loys. Tests at the Worthington Corp. , Harrison, 
N.J. were made onsample pipe or valves while 
under normal service conditions. 


BRAZING POWDER, has been recently developed 
by American Electro Metal Corp. of Yonkers, 
N.Y., for very high temperature brazing of mo- 
lybdenum and tungsten electronic components. 
The powder melts at about 3,450 F, and forms a 
continuous braze upon solidifying. 


AN INCREASE IN DEMAND varying from 27 per- 
cent for aluminum is estimated by the Materials 
ao Policy Commission for the 25 
year period ending 1975. The 
800-page report also states that 
cobalt, which is required for jet 
engine alloys, is expected to ex- 
perience a 340-percent jump. 





MOLYBDENUM'S MELTING TEMPERATURE, 
4,750 F, and thermal conductivity, seven times 
austenitic stainless, make it attractive tode- 
signers for use as structurals in gas turbine and 
ramjet engines. If stresses are not excessive, 
such alloys canbe used in the 3,000 F range and 
welded with helium-shielded tungsten electrodes 
in the absence of air. Weld reinforcement is 
needed in parts that are formed after welding. 
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ELECTROLYTIC MANGANESE from low-grade 
domestic ores can be substituted for some uses 
of ferromanganese made from high-grade foreign 
ores. Accordingto a report from the Bureau of 
Mines, electrolytic product is desirable for 
stainless steels and welding rods because of its 
virtual freedom from phosporus and carbon. 


SAVINGS IN STRATEGIC ALLOYS up to 85 per- 
cent have resulted from the use of ferritic weld- 
ing rods instead of austenitic rods at the Detroit 
Arsenal. Rods are low in hydrogen and have a 
coating that contains all major alloying elements. 
Such welds stand up well in military vehicles 
subject to bombardment. 


NONMETALLIC MATERIALS 


FREQUENT CLEANING of equipment in contact 
with perishables such as foodstuffs may become 
e OM "infrequent" if DuPont's new mil- 
We ee dew-resisting enamel is used, 
a - ne Cunilate fungicide (copper-8-qui- 
¢ nolinolate) is the key ingredient, 


~/ WW, eo a 
hid is non-toxic and imparts a green- 
ss ish-yellow cast to the finish. 
TWIN PROBLEMS --shrinkage and swelling --in 
oil resistant rubber applications are reported 
minimized by Buna N compound X-1692 made by. 
Acushnet Process Co., New Bedford, Mass. 
70-hr tests in low and high aniline point oils re- 


sulted in only 12.5 percent swelling and 3.0 per- 
cent shrinkage without becoming tacky. 


SILICONE-BASE FINISH is reported to withstand 
temperatures to 1, 000 F without blistering, peel- 
ing or discoloring. John ZinkCo. of Tulsa, Okla. 
is using Sicon, whichis made by the Midland In- 
dustrial Finishes Co. of Waukegan, Ill., in gas 
heaters, both on combustion cham%ers and in 
various colors on outer surfaces. 


THERMOSETTING LAMINATE combining high 
arc resistance with good mechanical properties 
has been developed by Synthane Corp. of Oaks, 
Pa, The G-8 plastic presents a saving in cost 

(continued on page 7) 











THE ANSWER 


BETTER LARGE STRAIGHT BEVEL GEARS. 
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This close-up of the sturdy tool slides on a Gleason 
No. 24A Straight Bevel Generator shows the 
answer for improved production of large straight 
bevel gears. By setting the Coniflex® adjusting 
dials pictured, any desired length of tooth contact 
can be obtained. Manufacturers of steel mill and 
mining machinery, power shovels, and similar 
heavy-duty equipment are using Coniflex gears, with 
tooth contact suited for fhe application, for easier 
assembly, smoother operation, and longer life. 
Send us details of yourdarge straight bevel gear 
applications. We will gladly show you how Coniflex . 
gears, cut on the No. 24A, willimprove your results. 


GLEASON WORKS 


1000 UNIVERSITY AVENUE - ROCHESTER 3, NEW YORK 
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below the continuous filament glass base material 
(NEMA Grade G-5) while matching its electrical 
properties. Laminated in thicknesses from 
1/16-in. upward, material consists of a glass 
fiber mate impregnated with melamine resins. 


HIGH-ALUMINA CERAMIC exhibits desirable 
mechanical, electrical and heat-shock prop- 
erties that suggest many applications. French- 
town Porcelain Co. of Trenton, N.J. lists among 
the potential uses of their Alamanox 4462 mate- 
rial: Envelopes on vacuum tubes, inserts for 
rocket nozzles, brake liners fcr jet bombers, 
bases for printed circuits, thread guided, and 
insulation for high-voltage equipment. 


AN ALUMINUM COATING that can be sprayed 
without spattering surfaces four feet or more in 
the background is the development of Royston 
Laboratories, Inc., Blawnox, Pa. Special vehicle 
and solvents in Roylac aluminum cause it to dry 
toacottony, non-adhering powder once the drop- 
lets have traveled more than four feet from the 
nozzle of the gun. 


PROCESSES 


SUBSTANTIAL PROGRESS is being made with 
cast magnesium aircraft wings at Northrop Air- 
craft, Inc. A section of a wing 16 ft. long and 
™ adhering to exacting tolerances 
+33) | ur’y has already been cast. Signifi- 
i ya cance is attached to this project 
“~-» 72 because it is believed that cast 
: ! & wings can be produced more ra- 
colle pidly and economically than can 
wings fabricated by attaching aluminum skins 
to spars and ribs with rivets or spot welds. 


LOW-PH NICKEL STRIKE, which proved itself 
so valuable as an alternate for cyanide copper 
strike on steel prior to bright nickel plating, is 
proving equally valuable in getting satisfactory 
adhesion of bright nickel to unbuffed bright acid 
copper. Frederic B. Stevens Inc., Detroit 16, 
says the nickel strike solves the problem so com- 
pletely that a growing use of this application is 
anticipated. 


GREAT VALUE is to be derived from working 
with metals in frigid temperatures. According 
to Arthur D, Little, Inc., Cambridge, Mass., 
anextremely hard stainless steel has been pro- 
duced experimentally by immersion in liquid 
nitrogen at -320 F, followed by rolling and forg- 
ing at controlled temperatures. About 50 labor- 
atories are equipped to do this “cold research." 
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WHEN MAGNESIUM (S WORKED at temperatures 
ranging from 450 to 700 F, it is possible to do in 
a single draw what would require up to three 
drawing operations in ferrous and some nonfer- 
rous metals. Allowable deformation increases 
more rapidly in magnesium with increase in 
temperature than in any other commercial metal, 
and springback decreases as temperature in- 
creases. There is no springback at 600 F. 


LAST YEAR only 1,000 tons of aluminum were 
used for hot dip aluminized steel. By 1960, says 
Kaiser Aluminum & Chemical Corp., the figure 
should be closed to 80,000 tons annually. The 
aluminizing industry is growing, but will have to 
workhardto compete with galvanizing, and pos- 
sibly, tin plate; and that the economics of the hot 
dip aluminizing process are closely allied with 
the methods of applying the coating. 


AFTEREXTENSIVE TESTING, a special method 
of cold galvanizing for surface protection of steel 
and iron has been announced by the Galvanite 
Corp., New York City. The process involves a 
=y7, compound called Galvanite, which 


sp 
gy 


| can be applied with brush, elec- 

| tric spray gun or by cold dip. 

4/ Coating differs basically from 

‘7 other so-called metallic paints 

containing zinc in that it combines 

with the base metal, setting up electrical con- 
tinuity and thus cathodic protection. 


COMPONENTS 


SEMICONDUCTING TITANIUM OXIDE ina single 
layer, a sheet of titanium metal and a counter- 
electrode of some other conductor promise to 
effect a major improvement in rectifiers, Ex- 
perimental units at the National Bureau of Stand- 
ards withstand a reverse potential of about 20 v 
per plate and performance improves as temper- 
ature is increased to about 150 Centigrade. 


THE RECOIL of starter springs produced by 
Sandsteel Spring Div. of Sandvik Steel, Inc. is 
“a such that performance and serv- 
4H ice life on power saws, small 
tractors and power lawn mowers 
are satisfactory. Annealing pro- 
cedure and high carbon steel are 

the key factors. 


AN EXPLOSION-PROOF, remote-indicating fuel 
Flowrator, which shows an average deviation of 
less than 0.2 percent, has been developed by 


coutinucd on page ¥ 











Another new development using 


B. F. Goodrich Chemical --- =~: 


HESE fluid pressure boosters 

develop output pressures up to 
10,000 p.s.i.—must have an abso- 
lutely leak-proof seal. More than 
that, the seal material must not change 
in volume or deteriorate in hydraulic 
oil... be affected by normal operat- 
ing temperature... or distort or cold 
flow under extreme pressure. On every 
count, the seal manufacturer found 


Hycar rubber fills the bill perfectly! 


Meeting unusual requirements like 
these is an every-day job for Hycar. 
For this versatile material can be 
made resistant to heat and cold... 
abrasion .. . oil, grease, gas, many 
chemicals and more rugged service 


conditions. 


Perhaps one of the many Hycar 
rubber compounds can help you im- 
prove or develop a product—or solve 
troublesome, costly problems. Write 
for helpful technical bulletins and 
advice. Please address Dept. HP-5, 
B. F. Goodrich Chemical Company, 
Rose Building, Cleveland 15, Ohio. 
In Canada: K itchener, Ontario. Cable 
address: Goodchemco. 


B. F. Goodrich Chemical Company 
A Division of The B. F. Goodrich Company 


Hy Fr Ll his seal made for Miller Motor 


renee (o., Chicago, lil, by Acadia 
e Synthetic Products, Chicago. 
AW B. F. Goodrich Chemical Company 
supplies Hycar rubber only. 


GEON polyvinyl! materials « HYCAR American rubber e GOOD-RITE chemicals and plasticizers e HARMON organic colors 
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Fischer & Porter Co. of Hatboro, Pa. the Instru- 
ment will measure fuel flow rates from 160 to 65, 
000 lb per hr to an accuracy appreciably better 
than that or earlier glass-tube flow meters. 


PRECHARGED PLATES that hold their life for 

several years are the feature of a new battery 

_-— perfected by the Firestone Tire 

' ws) & Rubber Co. With a new glass 

wie separator and an acid bottle that 

U\% 3 yo @ holds the electrolyte, the battery, 

I HAN /\\ hen activated by the acid, ts said 

A oon ae to deliver full power. 
wit 

A FAST GROWING FIELD for nylon is in rivets 

and insulating fasteners for electrical com- 

ponents and assemblies. Nylon's combination of 

resiliency toughness and temperature resistance 

has permitted radical changes in the design of 

components, according to The PolymerCorp., of 
Pennsylvania, makers of Polypenco nylon rod. 


BRAZED ALUMINUM RADIATORS are being 
tested by General Motors in Chevrolets. They 
are more expeasive than copper assemblies 
because the salt bath used in costly and numer- 
ous voids must be repaired. Also, there is no 
available solder compatible with coolant solu- 
tions. But, aluminum's low weight, availability, 
ability to take coolants under pressure and good 
heat transfer favor continued study. 


TESTING 


A TINY GEIGER COUNTER that does not require 
batteries is available from Morgan Instruments 
Co., Canoga Park, Calif. The Geiger-Mite con- 
sists of a generator, which fits in the palm of 
the hand and supersensitive head-phones. 


EARLY OBSERVATIONS made with a huge siren 
by two physicists at the University of California 
in Los Angeles reveal that the higher the fre- 
quency or intensity of sound, the greater the per- 
centage of sound energy converted into heat 
energy. The research has also demonstrated 
that, after a short period, sound waves of high 
intensity take on shock-wave characteristics, 
emphasizing a correlation between acoustics and 
aerodynamics heretofore little explored. 


A MOISTURE DETECTOR that can look inside 
sealed packages and even cocooned aircraft is 
being studied by the Air Force. The Hydro- 
tector, developed by American Instrument Co. 
of Silver Spring, Md, tells wheiher a package 
seal is good or bad, and whether or not the des- 
sicant is keeping moisture within safe limits. 


AN ELECTRONIC TROUBLE SHOOTER wil! soon 
be in operation at TVA's power plant. SARA 
ji? —j4e.™ ‘Sequential Automatic Recorder 
Ey and Annunciator) will provide a 
continuous record of normal 
operations, as well as any devia- 

tions, in transformers, boilers, 

turbines, and circuit breakers. 


THE ELECTRON MICROSCOPE is exposing the 
secrets to many problems of long standing at 
Chrysler's engineering labs. In early tests, 
rubber shock absorber bushings failed in some 
cases, not in others. The new microscope re- 
vealed that carbon black inall rubber compounds 
tested had large particles arranged in a network 
structure, whereas the best compounds contain- 
ed another type of carbon black consisting of 
very small particles. Examination of the in- 
ferior type revealed only the network contain- 
ing large-size particies. 





THIS MONTH’S COVER 





Photography is quicker and generally more convincing than theoretical computations 
of inertia, acceleration, friction, elasticity and the like. In studying fast-moving 
mechanisms, a high speed movie camera never makes the mistake of neglecting factors 
that should not have been neglected. The picture on this month's cover shows a 
Kodak High Speed Camera making 3,200 pictures per second of a solenoid valve in 
action. Simultaneously, a second lens on the side of the camera records through the 
back of the film an oscillogram of the electrical impulses fed to the solenoid. Also 
simultaneously, an argon lamp inside the camera puts a timing signal on the film 
When the film is shown in an ordinary movie projector at 16 frames per second, 
design engineers see at 1/200 of actual speed exactly what happens when the solenoid 
is energized, how long it takes the mass to start moving, when the contacts close 








completely, and how soon the solenoid is ready to re-cycle 
The special report starting on page 167 contains a thorough discussios f the 
various high speed photographic techniques and cameras, and shows some of the 
uses to which this versatile design tool has been put 
Kodachrome by Robert Phillip 


, 
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Eastman Kodak Compan) 
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This Low-Alloy 


High-Strength Steel 


Welds as Readily 
as Carbon Grades 


4 ~ Weld Metal 


¢ 


Porent Meta 


R 


Mayari R is a low-alloy, high-strength steel 
that can be welded by the ordinary methods used 
for plain carbon steel . . . electric-resistance, in- 
cluding spot-, seam-, and flash-butt . . . electric- 
arc, including metallic, carbon, and inert-arc 

automatic-submerged-arc . . . and gas- 
welding processes. 


There is no difference in the equipment, the 


technique, or the welding speed with Mayari R. 











A non-air-hardening grade, Mayari R shows 


no appreciable hardening from welding temper- 
atures. Results of tests made on welded Mayari R 
indicate that the welds are equally as strong as 
the parent metal. 

Full information on welding and fabricating 
this steel is readily available for your files. Write 
or phone any Bethlehem sales office and ask 


for a copy of Mayari R Catalog 259. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA 


On the Pacific Coast Bethlehem products are sold by Bethlehem Pacific ¢ 


Sree] ¢ rpc ration. F xport D; tributor: Bethlehem Steel I <port Corpor 


BETHLEHE)y 


STEEL 





MayariR nels 2Opm..singn.. Congr Calle 


10 
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erspectives ~ DESIGN AND 
DEVELOPMENT 





AIR FORCE The Defense Production Administration's feud with the Air Force and 
DPA FEUD Navy over combat aircraft may result in a complete turn-about for air- 
craft designers. 

There's a lot moreto the row, but oneof major changes DPA is seek- 
ing in aircraft production is a greater corcentration by engineers and 
technical experts of the services and industry on completely new war- 
planes, The armed forces are wasting too much of the time of these pro- 
fessiunals, DPA feels, by swamping them with demands for improving 
obsolescing models and in making only minor changes in new aircraft. 


DPA TARGET There have been a lot of allegations, mostly from the Defense Depart- 
ment, that what DPA wanted was for the services to freeze aircraft models 
and to standardize plane and engine designs to get an immediate boost 
in production. There maybe sometruth in this supposition, but the real 
target of DPA criticism was Air Force and Navy procurement policies 
and procedures. 

Virtually every military order for fighters and bombers then on the 
books would have been affected had the services accepted suggestions 
made by DPAearly in July. Production of some planes and engines would 
have been increased, output of others would have been slowed, and con- 
tracts for still more would have been cancelled entirely. But these rec- 
omendations were secondary -- merely suggestions by DPA as to how 
some of its primary proposals could be carried out. 

Here are the major changes in aircraft procurement urged by the mo- 

iper- bilization agency: 

1, Eliminate production of multiple types of aircraft designed for the 
same combat mission and concentrate on the best ship for the purpose. 
1g as That is, the best day fighter, the best night fighter, the best fighter- 

bomber, the best interceptor, and so on, 
2. Cut red tape that slows production of new models. 
iting The first recommendation applied only to aircraft already in production 
V rite or soon togo intoproduction. It involvednoentirely new designs still on 
L the engineers' drawing boards. But it was aimed at developmental work 
7” on such models as the North American F-86-H fighter, asouped-up ver- 
sion of the F-86-F Sabrejet. The "H" model would haveamore powerful 
engine thanthe "F''. DPA'S recommendation here was to dro; production 
plans for the F-86-H, concentrate engineering on a plane designed specif- 
ically for a bigger power plant -- like North American's F-100, which is 
still months away from production. 





OWS 


ariR 


CUTTING RED Some of the red tape DPA wants cut includes: 

TAPE 1. Military inspection boards, which pass on prototypes of new air- 
craft. These boards sometimes number sixty or more members who 
have to reach unanimous agreement before accepting a new model. In- 
dividual board members frequently ho!d out for petimprovements of a 
trifling nature. When these improvements are numerous they often force 
complete redesign before the aircraft can go into production. 

2. Delays in letting contracts: In September, 1948, for example, the 
Air Force tested a prototype of the convair F-102, which it rated as the 


. 


(Continued on page 115) 
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ELECTRO DYNAMIC 


co 


E.. over 70 years extra strength and stamina have been 
bred into Electro Dynamic motors to fulfill the most 
exacting demands of industry. 


To give added years of dependable, low-cost operation, 
special skills and superior insulating materials are used 
to toughen the WINDINGS...“the heart of the motor.” 
The frames and housings are of rugged cast construction 


for rigidity and resistance to corrosion. gineers 


You'll find an E. D. motor for every requirement. All J Re Se 
standard enclosures ...1 to 250 h.p. Write today for « 5 ECTRC DYNAMIC 
illustrated literature. “See “*bullds great motors 


E. D. also makes a complete line of Direct Current 


Motors and Generators. Literature on request. 


ELECTRO DYNAMIC: 
AUTHORIZED SERVICE IN PRINCIPAL CITIES 
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best looking interceptor in sight. Yet today it still has not placed orders 
for as many as a dozen 102 models. 

3. Priority assignments: The services put their own urgency rating 
on weapons to guide theircontractors as to the order in which they want 
deliveries. Inmany cases, Air Force and Navy priority ratings just didn't 
make sense to DPA. Example: The Navy has givena much higher rating 
to production of an obsolescert piston-engined bomber than to the jet- 
powered plane that is to replace it. 


BEST PLANES DPA gave the Air Force and Navy a list of planes and engines on which 

AND ENGINES they should concentrate both actual production and developmental work. 
In most cases, it recommended that the services step up output of the 
best of its present planes -- like the Air Force's F-86-F Sabrejet fighter 
and the Navy's A-3D twin-jet light bomber -- and cance! out production 
of all other rlanes being built for identical missions as soon as the favored 
aircraft are in production, 

For the future, DPA wants the services to look more toward develop- 
ment of planes which military and industry experts rate as far superior 
to any we now have or that the communists have shown over Korea. In 
this direction, DPA went along with recommendations of the Defense De- 
partment'’s own research and development board on Air Force fighters. 
It obtained less formal, but justas authoritative, views on other aircraft 
types, DPA said. 

On engines, DPA urged accelerated production and development on new, 
high-powered jets -- such as the J-57, J-71, J-73. These power plants 
generally have a rating of upwards of 10,000 lb thrust or more. DPA rec- 
ommended a gradual cut-off of lower-powered engines generally as soon 
as the planes for which they are being made can be replaced by more 
modern types. It recommended cancellation of some lower-powered en- 
gines immediately on grounds that they would not be good enough even for 
present aircraft types or that productionis so snarled that engines would 
be obsolescent before they could be delivered. 





MILITARY There is no expectation that all of the Defense Production Adminis- 

VIEWPOINT tration's recommendations will be accepted without a fight. Military ex- 
perts are of the opinion that DPA is oversimplifying the process of sel- 
ection of the best aircraft. Both the Air Force and the Navy feel that it 
is best to go slow on production schedules until exhaustive tests have 
proven that the plane selected is the one they want to live with for a con- 
siderable time. 

The best testing condition in the opinion of the military is actual com- 
bat. Consequently they like to have four of five models performing the 
same task under the same combat conditions. This would make a final 
choice more expedient and more decisive. 

If nothing else this recent wrangle will bring to light many of the faults 
of both views. No one will deny that we need a higher rate of production 
of combat aircraft. Whatever the snags are they will have to be removed 
before this is possible. 


MATERIALS If DPA'S recommendations are accepted, the expected increased plane 
SUPPLY EFFECTS production could result in increased consumption of aluminum and copper. 
This would be advantageous, especially in the case of aluminum, since 
normal consumption of these materials has been restricted by lack of 
steel caused by the recent strike. 
Some concern exists that an increase in aircraft production could re- 
sult in the Air Force running out of funds to back up contracts. In such 
a case, top defense production officials will take the matter directly to 
the President and seek supplemental appropriation in Congress. No 
serious opposition to such an appropriation is anticipated. 
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VORNADO AIR CIRCULATOR 


Special Speen Nut design for O. A. Sutton Corp., 
Wichita, Kansas, doubles production and 
gives a cool 50% savings on materials too! 
The cooling breezes from a beautifully- 
designed Vornado Air Circulator are enough 
to please most people. But, not O. A. Sutton 
engineers, who are always on the look-out for 
better ways to mak>s cooler breezes cost less 
to produce. They turned to SPEED NUTS and 
discovered a savings “tornade” for Vornado! 
This special SPEED NUT was developed as 
the result of a comprehensive Fastening 
Analysis, in cooperation with O. A. Sutton 
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Special 
redesign 


stirs up a... 


Engineering. Whether it’s a new product in 
the design stages or an existing model, the 
SPEED NUT principle of spring tension faster.- 
ing will help you cut fastening costs on your 
product assemblies. Call on the Tinnerman 
representative in your area. He will gladly 
supply details on our comprehensive fastening 
analysis service. And, write now for your free 
copy of the “Savings Stories” booklet. 
TINNERMAN BRODUCTS, INC., Cleveland 1, Ohio. 
In Canada: Dominion Fasteners Ltd., Hamilton. Jn 
Great Britain: Simmonds Aerocessories, Ltd., Treforest 
Wales. In France: Aerocessoires Simmonds, S. A. —7 
rue Henri Barbusse, Levallois (Seine) France 
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SPEED NUT METHOD 


SPEED NUT and 


ed motor mount bracket 


eliminate A, 8, and C. Permit 


direct attachment of grille 


and reflector cone assembly 


to motor housing 
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Requirements for Bearing Materials 


1. COMPATIBILITY 

Compatibility is a measure of the anti-weld char- 
acteristics of a bearing material when operated with 
a given journal material. 

Metal to metal contact exists frequently even in 
well lubricated journal bearings. Upon starting, the 
rotating journal slides on the bearing until an oil 
film is generated to separate the surfaces. Direct 
contact also exists sometimes in misaligned bear- 
ings and at high spots. In such cases the degree of 
welding and tearing that occurs is intimately asso- 
ciated with the mechanical, chemical, and metal- 
lurgical properties of the metals. 


2. EMBEDDABILITY AND 

CONFORMABILITY 

The hardness and modulus of elasticity of. a 
bearing material should be as low as possible while 
providing sufficient strength to carry the applied 
loads. The resulting characteristics enable a bear- 
ing to compensate for misalignment and to con- 
form to other geometric errors. - 

When a journal forces dirt or wear particles 
against a bearing material, it is also important that 
the material absorb the foreign particles and thus 
avoid scoring and wear. A recent experimental 
evaluation of embeddability ranks the bearing ma- 
terial in the same order as would be anticipated 
from Fig. 2, which lists elasticity data. 


3. CORROSION RESISTANCE 

Some metals react readily with the organic acids 
formed in lubricating oils during their oxidation. 
As a result, rapid corrosion occurs and insoluble 
organic soaps of the bearing materials are de- 
posited in the system. This tendency is most objec- 
tional at high temperatures and when the ratio of 


the quantity of oil to the bearing surface is low as 
in electric clock and other fractional-horsepower 
motors. 

Materials containing lead, cadmium, zinc, and 
copper are most susceptible w this type of corro 
sion, Difficulties can be minimized by selecting oils 
with good oxidation inhibitors, and by specifying 
periodic oil changes. Relative rates of corrosion of 
several materials are shown in Fig. 3. Studies now 
under way indicate that aluminum and tin-hase 
babbits are quite resistant to corrosion, while lead- 
base babbits must contain at least 10 percent tin to 
avoid relatively rapid attack. 


4. COMPRESSIVE AND FATIGUE 

STRENGTH 

Fatigue strength is particularly important in 
applications for which the load changes direction, 
such as in reciprocating engines. Table | gives 
comparative data for several bearing materials 

Materials of intermediate compressive strength 
generally exhibit satisfactory resistance tw extru- 
sion without having the brittleness which would 
cause crumbling under shock loads. Sufficiently 
high fatigue strength will enable a bearing to 
operate without developing cracks or surface chips. 
The use of a thin layer of soft bearing metal bonded 
to a hard backing metal often gives the desired 
combination of fatigue and compressive strength. 
In such cases the fatigue strength of the bond 
requires particular attention 


5. COST AND AVAILABILITY 

Although the importance of cost cannot be 
ignored, in abnormal times availability can do 
much to offset it. Also, the current labor rates make 
it necessary to include processing in the ledger 





Selecting the Right 
Journal Bearing Material 


E. H. SCOTT, JR. 
E. R. BOOSER 
Thomson Lab., General Electric Company 


THROUGH PAST EXPERIENCE, certain 
basic requirements have been set forth 
for evaluating bearing materials. These 
are (1) compatibility (2) embedda- 
bility and conformability (3) corrosion 
resistance (4) compressive and fatigue 
strength (5) cost and availability. 
Actually, this list is not complete 
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For some applications, factors such 
as bondability, machineability, coeffi- 
cient of expansion, and thermal con- 
ductivity must be added. The impor 
tant fact is, however, that no one 
material is equally good with respect 
to all requirements. Thus, selecting 
the proper material for a specific bear 
ing must be based on those factors 
that are most essential for the 
application. 

Numerous investigators have com 


piven 
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Fig. 1—(A) Compatibility tester used to get data on wear rate, coefficient of friction, and tendency of different bearing 
materials to score steel shafts. (B) Numerical coding system that was used to compare these compatibility characteristics 











> = = ' 
Y i Ix —— j = } va z 
n —— > =W J _ € 
1 a O = > = <x " Dp « Cc a 
‘S; Oo o% 2 7D < aq > 4 
q= a> q Ma ae 
> > ‘> Fs 1 a ui QD J 
= . Oz 2 HD 4H aq 


['wo types of babbitt are in common 
One is a tin-base, with about 


i to 7 percent copper and 4 to 12 per 


er 
under a given load against a 14 in 


shaft rotating with a surface 
700 {pm Measurements 


White Metal Alloys 


diameter use. 


spec 1 of 














120 





1 


~ 1! 
oding system ill 


oring of the tes! 


The 


strated in Fig. 1 (B) 
1 


opel 


perated with a steel journal under 


ynditions of boundry lubrication. The 


is babbitt. It has excellent compatibil 


PRODUCT 


were made of the wear rate of the Tin and Lead Babbitt. A bearing ma ent antimony; the other is a lead-base 
bearing material, temperature rise, and terial should have a minimum ten- with a maximum of 20 percent tin 
oetncient friction A numeri den y toward surface damage when ind 10 to 15 percent antimony. Better 


corrosion resistance, less tendency to 
weld inde 


indicate degree of pickup, s r conditions of poor lubri 
ing, and coloring of the ring as \ one metal that probably can fill this cation, and easier bonding to a steel 
is the mushrooming, scoring 1 requirement best for most applications shell generally make tin babbitt the 


more desirable The high cost of tin 


lapsed, or “dwell” period m ty and non-scoring characteristics plus and its critical shortage in times of 
start of a test to beginning of outstanding embeddability and con emergency, however, have brought 

< 1 : 
preciable wear, is shown in Fig formability lead babbitt into use whenever possi 


ENGINEERING — SEPTEMBER, 1952 









aring 
istics. 


¢B) 7Est Rine 





Fa 


fe 
DEGREE PICKUP 





Ss 
SCORING _ 


TEST PIECE 





‘ 


> 
COLORING 


ss . 
”" Ss 
MUSHROOMING SCORING COLORING. 


“ 





Y Pe | 


70/0 @)& 


OD 


Table I—Summary of Properties of Common Bearing Materials 





Conform- 


Material 


Brinell Hardness 


Room 


Min. Shaft 
Hardness 


Load 
Capacity, 


Max. 
Operating 


Com- 
patibility 
. 


ability 
Embed- 


Corrosion 
Resist - 


Fatigue 
Strength 
> 


Temp. | 300 F 
Tin-Base Babbitt 20-30 6-12 
Lead-Base Babbitt i5-20 6-12 


Three-Layer 
Composite (Babbitt) 


Alkali Hardened Lead 26 | 11-17. 


Cadmium Base 30-40 15 
Copper-Lead 30 | 20-23 
Tin Bronze 80 | 60-70 
Lead Bronze 80 40-60 
= nor Bri 65-100 


Phosphor Bronze 100 
Aluminum Alloy 50 40-45 








Silver (Overplated) 25 25 





Brinell psi Temp., F 


150 or less 800 500 300 
150 or less 800-1 , 200 300 


230 or less ,000-4,000 | 225-300 
200-250 , 200-1 , 500 500 
200-250 , 500-2 ,000 500 
300 500-2 , 500 350 
,000 500 
500 | 450-500 


300-400 4 
300 4 
400 4,000 500 
4 
4 


300 000 | 225-300 











300 ,000 500 


dability* — 


1 
1 














* Arbitrary scale with 1 being the best material and 5 the worst. 


ble, and there are many applications 
with non-corrosive oils for which it 
will perform as well as or better than 
tin babbitt. Antimony-arsenic-lead 
bearings have been giving excellent 
performance, for example, in large 
steam turbine thrust bearings. In these 
applications, the lead babbitt has 
shown less tendency to score the steel 
runners than did the tin babbitt used 
previously. 

Compatibility tests indicate that tin 
babbit can run longer than lead babbit 
without damage after the oil supply 
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fails. Field experience bears this 
claim out. Table II shows the dwell 
period or no-wear time interval for 
one lead to two tin alloys, and this also 
shows their relative wear rates. Al- 
though the lead babbitt wore exces- 
sively when run dry, its performance 
in the one-drop-of-oil tests was much 
better than that of the tin babbitts 
The excessive dry-run wear was caused 


by heavy pick p or welding of th 


the steel shaft This created 


which quickly wore 


material. The low 


wear, together with the low friction 
and a lesser tendency for scoring indi 
cates that under lubricated and some 
boundary-lubricated conditions, lead 
babbitt should perform as well as or 
better than tin babbitt if other fac- 
tors, such as corrosion and fatigue 
strength, are within acceptable limits 

All babbitts, however, are inher 
ently weak, and high temperatures re 
duce the strength even further. There 
fore, they are usually bonded to a 
stronger backing material such as 
bronze or mild steel. Thickness of 
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Fig. 1 


(A) Compatibility tester used to get data on wear rate, coefficient of friction, and tendency of different bearing 


materials to score steel shafts. (B) Numerical coding system that was used to compare these compatibility characteristics 
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use. One is a tin-base, with about 
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corrosion resistance, less tendency to 
weld under conditions of poor lubri 
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Table I 


Summary of Properties of Common Bearing Materials 





Brinell Hardness 


Material 
300 F 
6-12 
6-12 


Tin-Base Babbitt 


Lead -Base Babbitt 


Three-Layer ; 
Composite (Babbitt) 


Alkali Hardened Lead 


11 17 
Cadmium Base : 15 
Copper-Lead 20 23 
HE 60-70 
40-60 
65-100 
40-45 
Silver (Overplated) 7 25 25 


Tin Bronze 


Lead Bronze 


Phosphor Bronze 


Aluminum Alloy 








Min. Shaft Load 
Hardness Capacity, 
Brinell psi 


Max. 
Temp., F 


150 or less 800-1 , 500 300 


150 or less 800-1 , 200 300 


230 or less ,000-4 000 | 225-300 
200-250 , 200-1 , 500 500 
200-250 , 500-2 ,000 500 
300 500 500 350 
300-400 000 500 
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400 000 500 
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ble, and there are many applications 
with non-corrosive oils for which it 
will perform as well as or better than 
tin babbitt. Antimony-arsenic-lead 
bearings have been giving excellent 
performance, for example, in large 
steam turbine thrust bearings. In these 
ipplications, the lead babbitt has 
shown less tendency to score the steel 
runners than did the tin babbitt used 
previously 
Compatibility tests indicate that tin 

babbit can run longer than lead babbit 
without damage after the oil supply 
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fails. Field experience bears this 
claim out. Table II shows the dwell 
period or no-wear time interval for 
one lead to two tin alloys, and this also 
shows their relative wear rates. Al- 
though the lead babbitt wore exces- 
sively when run dry, its performance 
in the one-drop-of-oil tests was much 
better than that of the tin babbitts 
The excessive dry-run wear was caused 


by heavy pickup ot welding of the 


| ibl itt to the steel shaft This created 
which quickly wore 


The low 


a rough surface 


away the bearing material 
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wear, together with the low friction 
and a lesser tendency for scoring indi 
cates that under lubricated and some 
boundary-lubricated conditions, lead 
babbitt should perform as well as or 
better than tin babbitt if other fac- 
tors, as corrosion and fatigue 
strength, are within acceptable limits 

All babbitts, inher 
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the babbitt lining varies with the ap 
plication, but generally ranges from 
several mils in high output automotive 
engines to 4 in. for turbine bearings. 
With thin linings, the strength ts in- 
creased but conformability and em- 
beddability are reduced. A thickness 


of 0.001 to 0.005 in. is indicated by 
Fig. 5 to be optimum for long bear- 
ing life; more recent experience sug 


gests that life decreases if thicknesses 
less than about 0.001 in. are used. 

A number of schemes have been 
used to improve the strength and fa- 
tigue resistance of babbitt bearings 
Most of these involve (1) a low-car- 
| backing, (2) an interme 
liate layer of a copper or bronze, and 
(3) an overlay of lead-base babbitt 
from about 0.005 to 0.020 in. thick. 
The intermediate layer increases the 
strength and fatigue properties while 
maintaining the compatibility, em- 
beddability and conformability of the 
babbitt overlay. Bearings of this con- 
struction are being used widely in 
diesel, automotive, and aircraft en- 
gines where reciprocating loads pre- 
a copper-nickel ma- 


bon stec 


dominate. On 


trix tyy is produced by a continu 
ous strip process in which powder of 
60 percent copper and 40 per ent 
nickel is deposited on a steel strip 


which then passes through a sintering 
furnace. Babbitt is vacuum-cast on the 
porous copper-nickel matrix to im- 
pregnate the pores and provide a sur- 
face overlay. Loads about 20 percent 
higher than with ordinary lead babbitt 
can be carried 

Tri-metal bearings use an interme- 
diate layer of about 0.013 in. of either 
a copper-lead composition or a leaded 
bronze. This middle-layer is machine 
finished, and a thin overlay of babbitt 
is added by precision casting or plat- 
ing. Load carrying capacity ranges up 
to 3,000 or 4,000 psi as compared with 
about 1.500 psi for babbitt. 

Another composite bearing design, 
called the grid-type, uses a knurled in- 
termediate layer of copper alloy or sil- 
ver to which a lead-base babbitt layer 


is applied by either casting or electro- 


plating. The surface is then machined 
to prod ice a final structure consisting 
of a grid-work filled with lead babbitt 
Units of this type are now being used 


in some high output diesel engines for 
which the working loads are 4,000 psi 
or mort 

Alkali-hardened Lead. Also classi- 
fied as white metals, are alkali-hard- 
ened lead, zinc-base alloys, and cad- 
mium-base alloys. Lead can be made 
as hard as babbitt by adding small 
quantities of calcium, tin, and mercury. 
This is similar to high-tin babbitt, ex- 
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cept for a higher melting point and 
an ability to retain bearing properties 
at higher temperatures. There are 
other alloys similarly hardened by 
adding alkali and alkali-earth elements 
such as calcium, barium, sodium, and 
lithium. All these, however, are 
highly susceptible to corrosion and re- 
quire careful control of casting and 
melting conditions. Also, they are 
difficult to recast without causing prop- 
erty changes. Therefore, they are 
looked upon only as possible substi- 
tutes when cost or non-availability of 
tin warrants their use 


Zinc-base Alloys. During World War 
II, the Germans made many zinc 
alloy bearings which gave satisfactory 
service in varied applications. These 
alloys are considered to be substitutes 
for bronze rather than babbitt, even 
though their = and proper- 
ties are more like those of the latter. 

One such alloy with 3 percent 
aluminum and 1 percent copper was 
given compatibility tests. It performed 
poorly, giving high wear, heavy pickup 
on the shaft steel, high friction, and 
short dwell times of only one or two 
minutes when run with one drop of 
oil. 


Other zinc alloys were also tested; 
one having 4 percent aluminum and 
0.03 percent-maximum copper, and 
another containing 4 percent alumi- 
num and 1 percent copper. Like the 
German alloy, these exhibited high 
friction and wear because of welding 
to the shaft material. A common char- 
acteristic was the inconsistency of their 
behavior, possibly due to non-homo- 
geneity of structure. The die-cast form 
seemed to be superior to the sand or 
mold-cast alloys, especially in the 
case of the 0.03 percent copper alloy 
which, when die cast, showed the best 
compatibility properties. 

Zinc-base alloys containing several 
percent of copper and aluminum are 
reported to have been used successfully 
in many applications where loads are 
moderate and shaft speeds are above 
200 rpm, or where loads are approxi- 
mately 50 psi and speeds are less than 
200 rpm. In these cases, alignment 
must be good and adequate clearance 
maintained. 


Cadmium-base Alloys. Cadmium and 
steel have low affinity for each other; 
hence cadmium would be expected to 
have good compatibility characteristics. 
It is generally alloyed with 1.0 to 1.5 
percent nickel, or 0.40 to 0.75 percent 
copper and 0.50 to 2.00 silver. These 
alloys are usually equal to babbitts 
and surpass them in the high-operat- 
ing-temperature range. Their disad- 
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vantage lies in the fact that they 
even more susceptible than lead 
bitt to corrosive attack. Diffusing 
dium into the working surface 
heat treatment helps, but also inct 
the cost of a bearing already ex 
sive. 

A cadmium alloy with about 
percent nickel, was given compati 
tests on both soft and hardened s 
In both cases, it showed an outst 
ing ability to run without wear 
over an hour with only one dro; 
oil, and ten minutes with no lu! 
tion. It showed less tendency tow 
welding or pickup than tin bal 
but generally scored the steel m 
Its ability to run for extended per 
with little or no lubrication exp] 
its successful application to equipn 
where hydrodynamic lubrication is 
termittent or entirely lacking. ( 
mium has found use, for instance 
roll neck bearing in rolling m 
High cost and limited availa! 
however, have prevented much gen 
interest from being aroused 


Copper-Base Alloys 


Copper-lead. The simplest type 
copper-base bearing is the binary co 
per-lead type which may contain 
much as 40 percent lead. In such 
material, up to 5 percent silver is ofte: 
added to overcome the tendency 
lead to segregate. Uniformity of 
size, and dispersion of the pockets 
lead in the copper matrix beco: 
increasingly difficult to maintain 
the lead content is increased. Hardne 
of copper-lead castings is no high 
than that of the babbitts at room te: 
perature, but it is higher when tl 
temperature approaches 300 F. A 
though the fatigue strength is great 
than that of babbitt, a steel backins 
usually is used for increased strengt! 
Their good fatigue strength and ger 
erally good bearing properties hav 
led to use in automotive and aii 
craft engines, and in some Diesels. 
The theory of operation of thes 


bearings is that the lead is smeared 


by the journal to form a thin lay 
over the entire surface. If this lay< 
is worn through, new pockets of lea 


are exposed to restore the surface. A 


plating of indium, followed by its dif 
fusion into the lead, is desirable fo 
protection under corrosive conditions 
A thin plate of lead-tin mixture some 
times is applied to alloys containing u; 
to 30 percent lead. With higher lea 
contents, it is not considered necessary 

Two ailoys (70 percent copper wit! 
30 percent lead, and 75 percent co} 
per with 25 percent lead) were giver 
compatibility tests and average dwel 
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Tin Bronze. When the tin content 
























were obtained Pick up and iy in reased lo from 10 to 20 px nt yped 
were very mild, but the ma and lead is added in amounts up to a giver ippl oO yq 
wore away rapidly once the dweli 10 percent to aid machineability, th volved. Also 
xd was passed alloy is classified as tin bronze. Small that variations . ti 
amounts of zinc, nickel, or both, methods of manu 
1. aded Bronze. The leaded bronzes are sometimes included where great greater than those car 
lead contents ranging from about strength is required. Hardnesses of tion changes. The metho 
25 percent and contain about 10 170 Brinell are possible, in which case casting, chilling hut oachi 
ent tin. The tin gives better the bronze is very brittle and has poor furnishing, ct 1 have | 
ngth and fatigue resistance and bearing properties. Alloys having in effects upon the compa 
her hardnesses than are possible termediate amounts of tin are ex acteristics as well as upon other | 
h copper-lead alloys. Hardness tremely useful where loads are 5,000 cal properties 
ges from about 40 to 80 Brinell. psi or more. But since their bearing A study of wear wa 
sometimes 1S used asa replace properties are relatively poor all tin several alloys contaimu 
nt for tin; nickel or nickel and bronze bearings require good align the metals copps 
r are often added to reduce sus- ment and reliable lubrication, as well cluding two copper-lead 
ibility to corrosion. as a minimum shaft hardness of 300 of wear and scoring 
The strength of leaded bronze is to 400 Brinell. with composition on a triangular 
ited at high temperatures by the These bronzes are used for cast ordinate graph shows Ki \ 
ikening of the lead between the bushings in large volumes because they region of lowest wear was f¢ 
per-tin grains and performance is offer: (1) adequate bearing prope the vicinity of the compo 8 per 
considered satisfactory at tempera- ties; (2) excellent casting and ma- cent tin, 19 p it lead, balar Oo 
res above 450 to 500 F. since the chining characteristics; (3) good econ per. In almost every case wh 
1 tends to bleed from the alloy. omy; and (4) the desirable absence wear rate was low. he \ 
rdened shafts are recommended for of a bond to fail or a lining to wear scoring tendency was high. Th 
with all bronzes through. Since alloys with a wid hich 
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Fig. 5—Effect of babbit liner thickness on the useful 
life of bearings for reciprocating type engines. 
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bshows wear effects. 
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fig 4.) 


Table Il—Averaged Compatibility Data for Tin and Lead Base Babbitts* 


Fig. 6—Bronze composition on triangular coordinates 
Derived from compatibility data 


























Load, No. of | Wear Rate,| Max. Temp, Coef. of 

Material Lubrication psi Tests in./hr deg F Friction 
.042 351 0.34 

Tin Babbitt None 340 4 0.04 | 6s 
89Sn, 7.5Sb, 3.5Cu 1 drop oil 250 3 0.029 a _ 262 0.36 
2 0.080 396 0.28 

Tin Babbitt eae a ad a 
83.3 Sn, 8.3 Sb, 8.3Cu 1 drop oil 250 3 0.031 | 277 | 0.27 

Lead Babbitt None 340 3 bead 1 673 ; _320, . 0.34 : 
a ae oor 1 drop oil 250 3 0.001 149 0.17 
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* Run against unhardened SAE 4140 shaft steel ground to 8-16 rms microinches. 
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lable IIl—Avy craged Compatibilit 


y Data for Bronzes* 





———__—_—__—_—— 4200 
Dry Wear Rate, | Dry Coef. | Oiled Dwell, 3000 
Alloy in. /hr of friction min. 
. o_o = — — — — - 2B00 
Tin Bronze. . 0.067 0.36 3 
Lead Bronze. 0.102 0.22 8 2600 
Zinc Bronze. 0.010 0.44 151 2400 














* 250 psi load; 700 ft/min surface speed, unhardened 4140 


shaft steel with F 3 finish 





Table 1V—Compatibility Data For Aluminum Alloys* 





Wear Rate 
Alloy in. /hr 
0.05 
87.8Al, 8Si, 3.5Cu —_— ——--——_]— 
0.7Fe &.2** 
95Al, 4Si, 1Cd 0.09 
91.5Al, 6.5Sn, 1Ni 0.30 
1Cu 
Dural 0.03 








of shoft 


ee gen ee ee 1,600 
Coef. of | Dwell, a 1,400 
Friction te min. 1.200 
Pe eR 000 
0 45** 1** 800 
0.30 hse 600 
0.33 3 400 
ae - 200 
0.30 0 0 








* Unhardened 4140 shaft steel; F 3 finish; 250 psi load 700 


ft/min surface speed; lubricated with one drop of oil. 


** Run dry at 340 psi 


the other hand, generally exhibited 
little or no scoring. 

A summary of the compatibility tests 
with bronze is given in Table III. 
Outstanding performers among those 
tested were two alloys containing ap- 
proximately 35 percent zinc plus other 
constituents. Their wear rate was 
very low—about 10 mils per hour— 
and dwell periods were unusually long 

ranging from 1 to 4 hours after a 
drop of spindle oil was applied to the 
steel ring. These alloys have been 
used in refrigerator compressor con- 
necting rods with success, and appear 
promising for other applications. 


Aluminum 


Aluminum alloys with characteris- 
tics specifically adapted to meet the 
requirements of heavy duty service are 
rather new. They offer excellent re- 
sistance to corrosion by acidic oils, 
good load-carrying capacity, fatigue 
resistance, and thermal conductivity 

Trouble is sometimes encountered, 
however, with poor embeddability, 
scoring, seizure, high coefficient of ex- 
pansion, and the need for shaft hard- 
nesses of 300 Brinell or higher. Many 
alloys contain about 7 percent tin and 
1 percent copper with 1 or 2 percent of 
silicon or magnesium. The copper is 


124 





































200 400 600 
Lbs allowable bearing load / inch of bearing length for 



























PV values for— | 
——; Bronze = 50,000 
Iron = 75,000 | 


pt 
| 












ts ee | 
Fig. 7—Load chart for iron 
and bronze porous bearings. 
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retained in solid solution to provide a 
moderate increase in strength and 
hardness. Nickel, silicon and mag- 
nesium introduce new phases of greater 
hardness than the aluminum matrix to 
improve resistance to scuffing and 
wear. 

The results of preliminary evalua- 
tions of aluminum bearings for elec- 
tric equipment have not been impres- 
sive. Thorough tests for possible 
application in steam turbine bearings 
indicate that operation with dirty oil 
causes excessive scoring. In tests for 
electric clock motors, excessive scor- 
ing of the shaft was again encoun- 
tered. Preliminary compatibility 
studies for fractional-horsepower mo- 
tors suggests that ideal operating con- 
ditions are required. 

Typical compatibility characteristics 
of several alloys are summarized in 
Table IV. Although the coefficient 
of friction and the wear rate were not 
excessive, the short dwell period in- 
dicates relatively poor bearing proper- 
ties with all the alloys tested under 
conditions of poor lubrication. 

Aluminum-alloy bearings, however, 
have been used in Germany and else- 
where in Europe in reciprocating en- 
gine bearings, steam turbines, electric 
motors, rolling mills, grinding ma- 
chines, and a great variety of other 
applications. Satisfactory results are 
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reported in diesel engines in this cou: 
try, although particular attention 
recommended in the machining of th 
running surface and to the clearanc 
lubrication, and thermal expansion. 

When the normally bad scoring 
characteristics of structural types « 
aluminum are improved by alloying 
with tin or other elements, such as lead 
and cadmium, the resulting bearin 
material usually is quite weak. For 
this reason, a steel backing frequent 
is used with a thin layer of bonded 
aluminum. Such a shell, has als 
helped to overcome difficulties with th 
high coefficient of expansion 


Silver Bearings 


Most silver bearings are of th 
three-layer type. The silver is used 
in its pure form, as electroplated ot 
steel shells from a high-speed cyanide 
plating bath. It almost always is give: 
a thin —0.0004 to 0.001 in.—coat 
ing of lead with approximately 5 per 
cent of indium flashed on and diffused 
into the lead to avoid corrosion by 
the lubricating oil. 

These bearings have an excellent 
record in the aircraft industry and ar« 
being used in other heavy-duty ap 
plications. They hate outstanding 
dimensional and metallurgical uni 
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Fig. 8—(A) Typical steel-backed, babbitt-lined bearing 
for electric motors. (B) Carboloy combination radial- 
and-thrust bearing for high-speed precision grinders. 


formity, fatigue strength, and load 
catrying capacity. Their fatigue re- 
sistance is so high that, in some cases, 
the steel backings have been reported 
to fail before the silver. Their 
capacity also is outstanding, with only 
hard bearing materials operating under 
ideal conditions being able to carry 
greater loads and its high thermal con- 
ductivity has proved helpful in remov- 
ing heat. Yet, although a lead coating 
a to relieve the problem of poor 
embeddability, silver bearings are still 
limited to applications where misalign- 
ment and dirt are not encountered. 
Cost is a big disadvantage. 

One interesting use of silver is the 
plating of brass separators in high- 
speed roller bearings for aircraft gas 
turbines. These bearings can operate 
several hours without lubrication be- 
fore failure occurs. This is attributed 
to the fact that molten silver will 
not wet steel and does not readily 
transfer to the mating steel surfaces. 
Therefore, welding and seizing of 
bearing parts are largely avoided. 
Compatibility tests made with silver- 
plated brass running against AISI 
52100 roller-bearing steel gave a low 
wea. rate, excellent dwell characteris- 
tics, and a complete absence of pickup. 
This suggests that silver plating might 
be useful in other applications where 
inadequate lubrication exists. 





Table V 


Material 





Wear Rate, in./hr 


Compatibility Data for Carbon Graphites* 


Coef. of Friction 


Best t 0.0002 0.10 
Poorest ** 0.029** 0.61 
Mean 0.0015 0.21 





** Some materials shattered almost immediately upon application 
of load, so no wear rate could be determined. One such sample 
showed a coefficient of friction of about 0.7. 

+t Many materials showed wear rates below 0.001 in./hr and coef 
ficients of friction less than 0.20. 
* Unhardened 4140 shaft steel; F 3 finish; 250 psi load; 700 ft/min 








surface speed. 
Table VI—Compatibility Data For Plastics* 
>. 
Dry Wear | Dry Coef. of | Oiled Dwell, 

Material Rate, in./hr Friction min 
ee ee ee i+ 0.86 190-1125 
Nylon + Grartiite..... 10+ 0.64 26 
ae ea 0.37 0.17 0 
Tefion + Fiberglas 0.003 0.30 27 
Textolite** 2001....... 0.0007 0.18 45 
Textolite** 1835...... 0.008 0.21 0 
Textolite** 1841-A.... 0.30 0.47 55 














surface speed 


Porous Bearings 


A porous bearing consists of a 
pressed and sintered metal alloy 
powder, containing 10 to 40 volume- 
percent porosity for storing lubricat- 
ing oil. It is self-lubricating in that 
a rotating shaft causes a pumping 
action and also creates frictional heat 
that aids the flow of oil through the 
interconnected pores to provide a film 
between the shaft and the bearing. 
There is little leakage since the oil 
is reabsorbed into the bearing by capil- 
lary action and by cooling when the 
shaft stops rotating. Other advantages 
are (1) bearings can be mass produced, 
(2) dimensions can be controlled ac- 
curately, and (3) cost is low. 

Strength and load-carrying capacity 
of porous bearings vary inversely with 
the amount of porosity. Bearings con- 
taining 88 percent copper, 10 percent 
tin, and. 2 percent graphite have 
operated successfully at word loads 
with a porosity of 10 to 15 percent 
They are not, however, suitable for 
applications that combine high speed 
with heavy loads nor should they be 
used where large impact loads are ex 
pected. Fig. 7 gives an indication of 
the permissible load capacity 

A few compatibility tests have been 
run on sintered materials, these being, 
for the most part, without oil im- 
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* Unhardened 4140 shaft steel; F 3 finish; 250 psi load; 700 ft/min 


** Registered U. S. Trademark 


pregnation. When run dry or with 
one drop of oil, these materials be 
have like cast bronze, with dwell 
periods ranging from zero to several 
minutes. When impregnated with 
oil, a sintered bronze ran for more 
than five hours without any wear at 
250 psi load and 790 fpm surface 
speed. One oil-impregnated sintered 
Swedish iron ran for nearly 30 hours 
at the above conditions, plus another 
hour and 40 minutes at 500 psi, before 
wear occurred 


Cemented Carbide 


Pressed and sintered compounds 
composed of ‘particles of tungsten car- 
bide in a matrix of cobalt form a very 
hard and wear-resistant material with 
a Rockwell C-scale hardness of 90 
The advantages of using this hard 
and dense material in bearings arise 
from the high modulus of elasticity 
and rigidity, plus the relative ease of 
obtaining a good surface finish. Clear 
ances can be held to a few tenths of 
a mil 

Tests of carbide journals running 
with carbide bearings have 
that higher loads and speeds can 
used than with any other known ma 
terials. In one case, a load of 28,800 
psi was applied at 300 rpm on a tur 


showr 


be 
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Compatil ility tests were made with 
ngsten rbid running against 
ungsten carbide, chemically dry, at 


i load and 700 feet per minute 
No wear occurred. but 
was rough and chartering 


Friction value 


ry 
rface speed 
Ope ration 


s increased with increas 








percentages ol! obalt in the test 
is illustrated below 
| | t Coefhicien 
( | Ii num {kr I 
( ‘ 
{) i) 0 

/ () ) 

13 0 0 44 

10 0 54 
Ihe only effects of the tests were 


in uneven dark coloration of the path 
n the ring and a polishing of the con 

tacting area of the The 
chattering suggested an intermittent 
zing-and-release type of operation, 


testpi ce. 


vhich was possible because the load 
ng spring allowed the test piece to 
np back slightly to free itself with 


out extensive damage. To prove or 
prove the once-prevalent belief that 
nm carbide shafts would run 


bearings of the same 
perfectly dry, a test 
Seizure resulted immedi 

y with the application of insignifi- 
cant loads Operation at zero load with- 
out lubrication required perfect align- 
ment 


factorily in 
terial when 


if¢ 


it then was possible to use air 


pumped by the rotating shaft as the 
a 


iuDricating medium 

Unfortunately, alignment problems 
pose a serious drawback to extended 
s¢ of cemented carbide for bearings 


ecause these materials possess neither 


mnformability nor embeddability to 


ompensate for misalignment and 
lirt. Use is limited also by the high 
st of mat manufactur- 


ind the 


Cast Iron 
( ist iron has De 


with some success 
rial for low 


n used occasionally 
is a Dearing mate- 
peed applications. The 
flake graphite present in certain forms 
is probably the main factor which 
allows this metal to support a slowly- 
rotating shaft without seizure or wear. 
Higher speeds can be used if good 
lubrication, close alignment, and free- 
dom from dirt are provided as in her- 
metic refrigerator compressors. Under 
less favorable conditions, operation is 
unreliable and seizure may o 


ur sud 
denly with severe damage to the shaft 
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Graphite Materials 


(he carbon-graphite materials com 
monly used for brushes in electric 
motors and generators are now made 
in a variety of shapes and sizes for use 
as bearings. With poor lubrication, 
these bearings are useful because of 
their inherent lubricity and high wear- 
resistance, 

Their low coefficient of expansion, 
approximately one-third that of steel, 
must be considered to avoid loss of 
clearance when running temperatures 
are reached. This ditficulty can be 
reduced by using graphite inserts in 

| housings. Such a construction is 
particularly helpful in eliminating dif- 
ficulties arising from the brittleness 
of the graphite mixture. 

ome grades of graphite are im- 
pregnated with a molten metal, such 
as babbitt, copper, bronze or silver. 
This is reported to improve strength 
and heat-dissipating ability, and to 
permit use where lubrication is im- 
possible because of inaccessibility or 
extreme temperatures. 

Table V is a summary of compati- 
bility tests on more than 50 different 
grades of carbon-graphite. The results 
indicate that careful choice of grade 
should be made because of the large 
differences encountered. A transition 
period occurred when the material was 
started with oil and then allowed to 
run dry. During this period, the wear 
products apparently combined with 
the remaining oil to produce a gummy, 
sticky surface which caused high fric- 
tion and high operating temperatures. 
During the tests, this period was 
passed safely and conditions reverted 
to those of dry running. In an actual 
bearing, however, the expansion of the 
shaft by the heat could cause seizure. 
Therefore, those materials probably 
can be used best perfectly dry wher- 
ever a chance exists that only boundary 
lubrication will be present. 


Plastics 


Plastics represent a bearing mate- 
rial entirely different from those pre- 
viously reviewed. Although most 
plastic bearings have consisted either 
of phenolic resins, or of nylon, no 
limit seems to exist in the possible 
variety of compositions that might be 
used. General advantages include 
light weight, good resiliency and easy 
machinability. Poor thermal con- 
ductivity and poor dimensional sta- 
bility are their drawbacks. The long 
dwell periods observed in the com- 
patibility test data of Table VI reflect 
their ease of lubrication. 

Many laminated phenolic plastics 


have found use in recent years as | 

ings in machines ranging from rol 

mills, marine equipment, and h 

steel-mill equipment, to electric ck 
and small instruments. Evaluat 

for their applications in switchs 
have indicated that these bearings 

(1) outstanding in carrying do 
the 7000-psi load possible with bro: 
(2) oot up very well under se 
impact and shock loads because 
their high resiliency, (3) have a | 
coefficient friction, and (4) req 
less machining then do metal be 
ings. Ordinary petroleum greases 

used as lubricants in this type of 

plication, while water generally is u 
as a lubricant in steel mills and 
marine service. Soluble oils a 
graphite in the water are reported 
give more efficient operation. 

Nylon has been used recently 
thousands of small bearings for light 
loaded applications in household app 
ances, toys, bicycles, and various | 
dustria! equipment. This material h 
almost completely replaced wood 
such applications and appears to 
finding a consistently widening fiel: 
of use. The compatability test data of 
Table VI indicate, from the very lon; 
oiled dwell periods, that little lubrica 
tion is required. Under heavy loads 
however, rapid wear and melting o! 
the nylon might be encountered be 
cause of its low thermal conductivity 

Teflon is now being used in some 
applications. It has been of particular 
interest for use with corrosive fluids, 
such as might be encountered in the 
chemical industry. Its present high 
cost limits use largely to special ap 
plications where ordinary bearing ma- 
terials are unsuitable. Sintered copper 
impregnated with Teflon has been 
reported to give a coefficient of fric 
tion of only 0.05 at temperatures up 
to 250 C, and further evaluation 
should prove most interesting. 


SELECTED REFERENCES 


1. Bowden, F. P., Minutes of the Royal 
Institute of Great Britain, May 19, 1950. 

2. Bronk, B. O., Journal of American 
Society of Naval Emgineers, 58, 418 
(1946). ‘ 

3. Dayton, R. W., Sleeve Bearing Ma- 
terials, pp 159-164, ASM, Cleveland, 1949. 

4. Goetzel, C. G., Treatise on Powder 
Metallurgy, Vol. Il, pp 504-527, 1949. 

5. Hunsicker, H. Y., Sleeve Beating 
Materials, pp 82-116, ASM, Cleveland, 
1949. 

6. Lignian, J. A., Bearing Materials, 
pp 124-130, ASM, Cleveland, 1949. 

7. Product Engineering, Plain Sleeve 
Bearings, pp 129-161, October, 1948. 

8. Sleight, I. C., and Sink, L. W., Sleeve 
Bearing Materials, pp 69-81, ASM, Cleve- 
land, 1949. 

9. Wilcock, D. F., and Jones, F. C., 
Lubrication Engineering, 5, 129 (1949). 

10. Woldman, N. E., Iron Age, 54-60, 
Sept., 1946. 


Propuct ENGINEERING — SEPTEMBER, 1952 








pat atecenseret 











chg 


5 us 
nd 


ed 


ight 
app 


il ha 


fiel 
ita otf 
long 
ric a 
oads 
ig ol 
1 be 
ivity 
some 
cular 
ids, 
1 the 
high 
| ap 
- ma- 
pper 
been 
fric- 
S$ up 
ation 


toyal 
1950. 
rican 

418 


1949. 
wder 
{9. 
irin 
land, 


rials, 
leeve 


leeve 
leve- 


etree 











Fig. 1—The heavier yellow and olive 
drab chromate films are used as a final 
protective finish for zinc and alu- 
minum die cast parts and stampings. 








Chromate Protective Coatings 


Non-porous chromate films provide effective, low cost surface protection 


for non-ferrous metal, both as a final finish and as a base for paint. 


The chromate finishing process is both economical 


C. W. OSTRANDER 
Service Mgr., Allied Research Products, Inc. 


CHROMATE SURFACE TREATMENTS for 
metals effectively and economically 
serve three distinct purposes: 

(1) They prevent or reduce metal 
loss caused by corrosion. 

(2) They provide a firm and in- 
timate bond for paint. 

(3) They adidess the surface ap- 
pearance of zinc and cadmium plate. 

In addition to their effectiveness in 
these fields of application the chro- 
mates have the added advantages of 
good electrical conductivity and weld- 
ability and can be applied rapidly with 


Propucr ENGINEERING — SEPTEMBER, 1952 


simple equipment The chromate 
process is economical and easy to con 
trol. 

These finishes have been success 
fully applied to zinc, cadmium, copp 
brass, bronze, magnesium and 
recently, aluminum. 

The chromate protective film, es- 
sentially of a ell chromium- chro 
mate nature, is produced by chemical 
reaction of the chromate solution with 
the metal surface. It is an integral 
part of the metal surface, rather than 
a superimposed film, such as paint. 
However, the amount of metal that 
enters into the reaction is extremely 
slight and dimensional stability of 


and easy to control. 


ws i 
faces 1s aft ‘T h 
{ he filn C ( 
ord r of 0.00001 If he 

The chromate film is no 
non-porou i i-lik n struct 
It is the freedom trom porosity that 
provi les the effective corrosion prot 
tion not obtainable by other surfa 
treatments, su h as phosphate 


organic coatings 
The color of these coatir 


pendent upon the thickness of the fir 


Thin films are transparent. A 

mum film thickness the color is yellov 
bronze or olive drab, depending upor 
the base metal and fort la used, Th 














Fig. 2 


plate, (the motorcycle rim) and as a protective film over zinc plate. 


For plated parts chromates are used to prevent clouding of copper under chrome 


In the case of 


zinc plating a lacquer is applied over the chromate film to resist abrasion. 


natural hues have no appreciable hid- 
ing power. Consequently the surface 
appearance is governed by the condi- 
tion of the underlying metal surface. 


Corrosion Resistance 


The factors contributing to the good 
corrosion resistance of chromate films 
are their intimacy of contact and their 
amorphous, non-porous nature. The 
degree of corrosion resistance is gov- 
erned by the thickness of the film and 
the chromate composition. The pri- 
mary factor is, however, film thickness 

the thicker films contributing to 
greater corrosion resistance. 

The chromate films prevent lateral 
spreading of corrosion because of their 
sealing action. They also have the 
haracteristic of leaching over into a 
scratched area to provide renewed pro 
tection, 


A Base for Paint 


The advantages of chromate as a 
base for re are: corrosion protec- 
tion, good adhesion, low absorption, 
effective surface sealing and good film 
repair qualities 

The adhesion of paint to the film 
is effected through molecular attrac- 
tion, in contrast to the mechanical type 
bond provided by the crystalline type 
surface treatments. Molecular bend 


ing is character Zz d by ifs outstanding 


mtimacy ol contact ind bondin 
strength 


The non porous, amorphous struc 
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ture of the film prevents any appre- 
ciable absorption of paint. Conse- 
quently, less paint is required to cover 
a designated area 

The sealing characteristic of these 
finishes provides adequate protection 
against penetration of moisture 
through the pores of the paint film to 
the metal surface. It prevents the 
formation of metallic soaps and re- 
duces peeling on exposure. This seal- 
ing quality also provides protection 
against the lateral spread of corrosion 
beneath the paint film. The chromate 
films are equally protective under 
baked or air dried organic finishes 

Varying degrees of protection can 
be obtained by manipulation of pro- 
edure as well as by variation of film 
thickness. The life of an ordinary 
finish is a function of a system of pri- 
mers and finish coats—the primer coat 
affording a degree of corrosion resist- 
ance. A thin film of chromate could 
be used to supplant a primer coat and 
one or more finish coats applied over 
it. Or, a primer can be applied over 
a chromate film prior to finish coating 
A number of systems of finishing can 
thus be built up by varying these com- 
binations. = 

The flexibility of coating selestion 
and finishing system is an added ad- 
vantage of 


chromate coatings 


Decorative and Plating Finishes 


An interesting development in chro- 
mate treatments is their application 
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over zinc plating to produce a 
with the appearance and corrosio 
sistance of chrome plate. This 
complished by first depositing a 
erately heavy chromate film on 
bright zinc plate. The predomit 
yellow color of this film is bleache 
in a bleach bath without danger 
reducing the film thickness. Th 
maining red, blue and green hue 
then filtered out by applying a co 
clear lacquer on the surface 
finished product is bright and chr 
like in appearance. Good corr 
resistance is provided by the m« 
ately thick chromate film and 
abrasion resistance by the lacquer 
The bright chromated zinc-plate 
be used effectively and economi 
as a replacement for chrome plat 
many applications such as home ap 
ances, automobile trim, jewelry, h 
ware and refrigerator shelving. 
The undesirable clouding of cop; 
plate beneath chrome plate can be F 
vented by applying a chromate f 
to the copper prior te. chrome plati: 
The final result is a brighter chro 


plate 
Dyed Colors 


If colors other than the natural tint 
are desired on metal parts, without 
resorting to painting, dyes can be used 
Either the yellow or olive drab films 


while wet, can be dyed red, blu 
green or black. The intensity of th 
color will vary de pending on the orig 
nal thickness of the 
Dyeing does not effectively hide 
surface irregularities of the metal. Fi 
a smooth glossy appearance the unde 
dying metal should I 


+) 


be polished. TI 
dyes used have satisfactory color fas 
ness for indoor applications | 
to fade in outdoor applications wh 
1 to direct sunlight 


¢ XPOS 


Functional Properties 


Unlike organic or oxide films th 
chromates have low electrical resistance 
to direct currents and to low and hig! 
frequency alternating currents. This | 


of considerable advantage in el 
tronics. Protection can be applied t 
chassis shields, mounting bracket 
wave guides and connector plugs wit! 
out interfering with the electrical cha 
acteristics or ground connections. D 
rect current measurements, tabl 
indicate that even though th 
ance of chromated aluminum is seve: 
times that of the clean metal, it 
well within the allowable 500,0( 
michrohm ground resistance 

For high frequency use of aluminu: 
it has ben established that no pra 
tical difference in the 
from the use of chromate 
treatment. 
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he weldability of chromate films 
its storage of treated sheet metal 
eliminates the necessity for clean 
the sheet prior to welding 


Metals Treated 


Up to this time the major 
portion of chromates has been 
lied to zinc primarily die cast- 
s but also including sheet, plate 

galvanized. 

Die cast zinc parts have been effec- 

vely protected ” the heavier yellow 

1 olive drab chromate films that are 

d either as a final finish or as a 

for paints. The corrosion resist- 

of the film depends also on the 
loy being coated. The higher the 
ypper content the lower the corrosion 
sistance 

Bright chromate films cannot be 
satisfactorily applied to die-cast zinc 
surfaces. To obtain a bright appear 
ance the casting should be zinc plated 
and treated as mentioned above for 
bright zinc plate. 

Sheet, strip and hot dip galvanized 
zinc can be chromated to all the afore 
mentioned color effects. The appear- 
ance of the underlying surface of the 
plate or galvanized will show through 
the chromate films. Sheet and strip can 
be buffed prior to applying the protec- 
tive film to enhance the final finish. 


Aluminum—The chromate used to 
protect aluminum forms a somewhat 
harder film than those on zinc and 
cadmium. It does not have the hard- 
ness or abrasion resistance of an ano- 
dized (aluminum oxide) film. It will 
however resist abrasion of a non-cut- 
ting nature and will withstand cold 
forming operations. 

Treatment of aluminum with chro 
mate does not produce embrittlement 
such as experienced on light gage wire 
or sheet after anodizing. 

The intensity of color and degree 
f corrosion resistance are affected by 
lloy content of the aluminum as well 
is by film thickness. If immersion 
time is limited to 30 seconds the film 
generated is transparent and conse- 
juently does not affect the surface ap 
pearance. 

This chromate treatment has proved 

eneficial on all alloys and forms 
tested, including work hardening and 
heat treatable alloys in rolled, drawn, 








Fig. 3—Chromate treated zinc plate plus a lacquer (door handle) is an effective sub 
stitute for chrome plate. The tubes are chrome plated over copper plate. The tube on 
the right had chromate treatment prior to chrome plating to prevent copper clouding. 


extruded, sand cast, permanent mold 
cast, and die cast shapes. The number 
of hours in salt spray to first signs of 
white corrosion varies in the same 
order as the inherent resistance of the 
alloy itself to salt spray attack. In 
general, the salt spray resistance ts in- 
versely proportional to the copper con- 
tent of the alloy. High copper alloys, 
5 to 10 percent copper, snow first signs 
of breakdown in 50 to 200 hours salt 
spray. Alloys containing copper only 
as an impurity show first signs of white 
corrosion in 250 to 1000 hours 


We pper and Copper Alloys—On cop 
per, brass and bronze the chromate film 
prevents staining and tarnishing and 
srovides good paint adherence and 
protection. It also can be used to pre 
vent clouding of copper and brass 
plate. This condition is a common 
cause for rejection of copper and brass 
lated parts. There is no appreciable 
ffect of chromate films on the electri- 
cal characteristics of copper or on the 
weldability of copper alloys 
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Treatment 


Electrical Resistance 


10 psi 100 psi 
leaned Aluminum 1500 microhn w) croht 
\luminum pl s Iridite #14 OOO microhn 100 rol 
\luminum plus Anodizing over 88 ohms over 88 ohms 
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Application Technique 


Chromate surface treatment is essen- 
tially a short dip process although 
spraying can be used with the proper 
chromate formula. For dipping, the 
immersion time varies roughly from 
10 seconds to 2 minutes. In some 
cases 3 to 5 minute immersion times 
are used for aluminum Zinc and 
cadmium ordinarily operate between 
10 and 30 seconds. After dipping, the 
parts are rinsed and dried by normal 
methods—a hot rinse and air dry, for 
instance. If dyed colors are desired 
it is necessary to introduce a dye tank 
and subsequent rinse. Or if bleach- 
ing is required bleaching tanks must 
be installed. 

All chromate solutions are acidic in 
nature. To prevent neuttalization a 
good rinse is needed if parts are 
cleaned in alkaline solutions prior to 
being chromated 

The composition of the chromate 
ind the immersion time can be varied 
to suit operating conditions. For in- 
stance, 1 a machine is designed for 
fixed indexing times formulations can 
be offered to suit the operation of the 
machine cycle. In some cases the equiy 
ment can be designed in accordan 
with the requirements for the most 


effective chromate solution. In any 

however, a knowledge of the 

1 usct requirements | essential to 
prope: selection of chromate bath « 
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~~ I =: 13. Pneumatic Systems Control 


Bringing the controls of 13 different pneum tic 


rr 
systems out to one console permits easy operation - 
of the oil well drilling drawworks built by The 
Draw works——S < r 
Wheland Co., Chattanooga, Tenn., from one tre- ‘ 
mote location. With gages and meters the operator 
. 
can tell at a glance the running condition of any : 
part of the machine and can control any operation 
except engine starting from the console through 


hand and foot controls. 

Heart of the drawworks is the pneumatic system 
by which the operator sitting at the control con- 
sole can regulate the speeds of the drawworks 
components. Similarly the drawworks drum, the 
bailing drum and the high speed rotary (that drives 
the drill bit) can be clutched in or out. 

In this unit, the pneumatic system is designed to 
control three engines. Usually No. 1 engine drives 
the drawworks transmission and rotary. Air com- 
Rotary pressor and pumps are powered by No. 2 engine 


Oriller’s _ 
console 


Oil drilling drawworks set up for factory test. 








Engine Clutch 


Throtties 
= 7 No. 3 eng No. 2 eng No er 
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ee 2 / 
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(a) Left-hand control panel contains levers that operate engines, two engines or one engine can drive the pum 
engine clutches and mud pump clutches. (b) Right-hand on the drawworks and rotary as required; also any engi! 
ontrol panel contains compounding clutch controls that may be shut down and the equipment operated by ¢! Ls 
permit using the engines separately or together. All three other engines. (c) Control panel puts controls with 
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Controls are designed and interlocked with 
relays so that it is impossible to jam the trans- 
mission. When the operator throws either the 
reverse lever or a jaw clutch lever, the engaged 

- clutch in the drawworks transmission automati- 
vat_y Opens and the neutral brake sets before the 
indicated operation can take place. 

Main hoist drum drive is through a multiple 
disc air tube clutch. Other friction drives are Air- 
flex clutches, as are the neutral and rotary brakes. 
All Airflex units are equipped with quick release 
valves. 

Compounding clutch permits using one, two or 
three engines to drive each of the components. 
When the operator throws the lever to engage 
the engine compounding clutch, the engine throttle 
actuators are automatically synchronized. This 
allows the operator to accelerate the engines in 
unison with the foot pedal or No. 1 engine throttle. 
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Hoist ch rs 4 

Cc h s . 

“ + tema oo oO broke | 

sy reach of operator. Bailing controls (absent in con- operator air pressure in main sup Ply and principal clutc 
le photograph) are optional equipment. Controls are lines. Oil pressure gage, engine tachor 

) designed and interlocked with relays that it is impossible meters comp ete the picture of the equips nent in operatio 


) jam the transmission. (d) Instrument panel shows 
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Pneumatic Systems Control 
Drawworks from One Console (continued) 
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13. AIR SUPPLY SYSTEM 
































RELEASED POSITION 


APPLIED POSITION 


















SCHEMATIC DRAWING of drawworks shows detail 
of component locations. Thc spooling drum brakes are 
simple spring-energized non-kicking band brakes, cooled 
by circulating water. Dynamic brake is connected 
flexibly to drum shaft and permits setting of slips with- 
out use of the friction brakes under normal operating 
conditions 
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SCHEMATIC DRAWING of pneumatic systems in draw 
works. Air compressor driven from No 2 engine shaft 
supplies air for all systems. Extensive use of pneumaticall) 
operated relays interlocks driving controls to prevent jamming 
of transmissions. All air clutches and the neutral and rotary 
brakes are es with quick release valves. Bailing and 
spooling drum brakes are spring set and air-released. 
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Ww WESTINGHOUSE RELAYAIR VALVES (insert) permit away from its seat, compressing spring (6). The exhaust 
art interlocking of controls. Pilot pressure enters through valve (4) closes exhaust passage (7) while supply passag: 
Il} passage to chamber above diaphragm (1). When pressure (8) is connected to delivery passage (9). When pilot 
ng reaches spring setting, diaphragm, and its follower (2) pressure is vented, spring (3) returns diaphragm follower 
ry move downward compressing spring (3) and seating (2) and exhaust valve (4) to their upper positions, unseat- 
nd exhaust valve (4) on the top of supply valve (5). As ing the exhaust valve. Spring (6) then seats supply valve 


downward movement continues, supply valve (5) moves (5) and closes supply passage (8) so valve exhausts 
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An aircraft fire detection system that will 





not give false alarms but will still give 
quick positive indication of a real fire has 
been developed by Walter Kidde and Com- 
pany, Inc., Belleville, New Jersey. In the 
past, false alarms have been the main objec- 


tion to most systems because they weakened 


5 


nm Y ADO @~— 


the pilot's faith in the system. 


Kidde’s answer to the problem is the 
fixed-temperature, continuous ceramic sens- 
ing unit pictured here. The sensing ele- 


ment consists of two small Inconel con- 


e- 


luctor wires surrounded by an insulating 


mistor ceramic. At normal temperatures, 


Resistance, ohrns 
2 


e ceramic offers high resistance to the flow 


— 


rrent between the wires. But when sub- 
jecced to the high temperature of a fire, the 
resistance of the ceramic drops rapidly and 
permits a flow of current between the two 


wires. 


Che monitoring control unit receives this 
rrent and activates an alarm when a pre- 
determined temperature is reached. When 
the temperature returns to normal, the re- 


sistance of the ceramic is restored and the pi ee 


, ae 






- . 


jhe Ae ant 





4 
re ae —_ 


larm shuts off indicating the fire is out. . . . _ 


CHARACTERISTICS of sensing element. System can be set to give 


These design features prevent false . 
alarm at varying temperature. If system is set to give alarm when cerami 


alarms: . : a , 

a Dy dee. resistance is 10* ohms: a temperature of 720 F on one foot of element 
,«< ompletely shielded circuit prevents will give an alarm; a temperature of 625 F on 10 ft; or a temperaturt 

in alarm signal caused by inductance with of 575 F on 20 ft of the element will give an alarm. 


Thermistor Sensing Element Rids Aircraft 


ather electrical wiring. It also prevents + : ‘ 
possible radio interference. 
2. Hermetically-sealed sensing element 


eliminates possible short circuits caused by 





moisture. 


3. There are no moving parts like relays 


to stick or malfunction. 


4. AN electrical connectors, sealed type 
with coupling nut, prevent loose contacts 








and afford vibration-proof connections. 








Because the sensing element is in wire 
form, it may be wrapped around a power 
plant to permit detection of fires formerly 





not reported by unit detectors because of 


stratification of the flame. This entire sys FRE SENSING ELEMENT. Thermistor ceramic is extruded around 
tem is fireproof and cannot be knocked out conductors like hom and an additive causes it to form bead-like 
of service by a fire. pieces when fused, Ceramic is bonded chemically and physically to wire. 
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4 Elbow connector Grommets to support sensing element Pe ~* 

give a , ; : 
amic COMPONENTS of Kidde continuous aircraft fire detec- in braided stainless steel shield to provide flexibility 

ment tion system. Heavy connectors are used to provide fire points where there are large magnitude vibrations. Outsid 

ture resistance and shock resistance. Elbow and straight con- tubing of inconel on sensing element makes unit ductile and 






nectors carry system through fire walls and bulkheads. corrosion resistant even after exposure to high temperaturc 
Socket and pin connection carry 2-conductor fire zone wire Electronic control box is mounted on vibration mounts 







Fire Detection System of False Alarms 
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SCHEMATIC CIRCUIT DIAGRAM. Circuit is shielded applications where sensing element is subject to gun fir 
om © prevent radio-interference and false alarms caused by Army-Navy connectors are used to prevent loose contact 


inductance. An alternate sensing Circuit is used in military and afford vibration-proof connections 
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Quill and 
Coupling Isolate 

Drive from Load 
in Liquid Mixer 






To protect drive gearing from vibration 
and shock loading caused by shaft flexure, 
the Mixing Equipment Company, Roches- 
ter, N. Y., designed a complete line of 
liquid agitators so that the mixer shaft is 
placed inside a hollow quill. The shaft is 
connected to the quill by a flexible coupling. 

The quill is mounted on separate heavy 
duty ball or roller bearings that are lubri- 
cated by a fittings, walle the mixer MIXER (with accessories for open tank operation) is designed for fluid 
shaft bearings are prelubricated adapter- mixing. 16 standard speeds are built into the drive and the unit 
type ball bearings with synthetic rubber converted from one speed to another by a simple gear change. 
seals. 

Since the mixer shaft is supported inde- 
pendently, different shaft diameters, lengths 
and materials can be used without changing 
the drive. The shaft can be removed upward 
or downward. 

Up to sixteen different mixing speeds are 
possible with the unit and speeds can be 
changed without disassembling the entire 
mixer or removing it from the tank. Desired 





































Mixing shaft beoring 


Mixing shoftt 
” flexible coupling 
speeds are set up by removing the change 


gear housing and putting in the proper gig, jpy Quill bearing 
change gears. coupling 

Three different drive assemblies are avail- . 
able: (1) a single reduction, in which the 4,5, 
high speed shaft drives the bevel gears 
directly; (2) a double reduction, in which 
the high speed shaft drives the bevel gears 5 hnaring 
through the change gears; and (3) a triple 
reduction, in which the high speed shaft 
drives the bevel gears through the intermedi- 
ate gear assembly and the change gears. 

Called the “Lightnin’ Mixer,” this unit is — - - 
available in sizes from 1 to 500 hp. Acces) POWER TRANSMISSION. High speed shaft transmits power fro 


sories convert the standard drives to open- ‘Motor to change gears through flexible coupling for double reductic 

as above, or through intermediate gear assembly for triple reductio: 
; Change gear drives bevel pinion that meshes with the quill-drivis 
in a few minutes. bevel gear. Flexible coupling connects hollow quill and mixer shai 


Spira/ beve 
geor and 
\ pinion 


Intermedia’: 
georing 


tank, closed-tank or bottom-entering mixers 
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CUTAWAY VIEW shows detail of flex-protected construction for standard drive. Flexure is exaggerated in sche 
matic diagram (right) that shows how the mixer shaft is coupled to the hollow quill. Flexible coupling isolates 
drive from load to protect gearing. Mixer shaft bearings are pre-lubricated adapter-type ball bearings 
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/EAR LUBRICATION. Large change gear (A) lubricates STUFFING BOX for closed tank assembly is 
inion (B) and po oil to reservoir (C). Oil flows by gravity designed for pressures from full vacuum to 150 


— —s ne + el 


0 bevel gear and pinion (D). Bayonet type oil level gage (E) psi, and temperatures of from 0 to 300 F. Drawing 
gives position indication of oil level. Oil dam (G) is leakproof, shows the seven packing rings and packing separators 
a well above oil level. that distribute gland pressure over the packing face 
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Electric Eve 
Corrects Tilting 


A photoelectric cell, controlling the out- 
put of an amplidyne generator that supplies 
a transfer pump motor, corrects tilting of the 
ram in hydraulic press brakes made by the 
Version All-Steel Press Company, of Chicago, 
Illinois, Any tilt of the ram raises or lowers a 
barrier suspended between the photoelectric 
cell and the light source. And barrier move- 
ments as small as one thousandth of an inch 
are transmitted through the electronic control 
to change the speed and direction of the oil 
flow from the transfer pump. When the 
ram is not level, correction is made at a rate 
proportional to the amount of tilt. 

Transfer pump drive makes up a regulating 
system that controls the position of the mov- 
ing barrier so as to balance an electric feed 
back signal against a reference signal. 

When the ram is level, the barrier is cent- 
ered in the light path, so that the error signal 
is zero, and the transfer pump drive is station- 
ary. If the barrier is moved, light transmitted 
to the phototube is increased or decreased, and 
the feedback signal is increased or decreased. 
This produces an error signal which causes 
the transfer pump drive to correct the non- 


level condition. 



































HYDRAULIC CYLINDERS, supplied individual 


pumps, 
each side of the ram on this 1,000 ton press 
i 


Controlling the 


during ram travel is a major problem because of inequalities in 
pumps as a result of slip in the pistons and unequal pump load 
lransfer pump can take oil from either line and put it in the 


line to equalize these differences and keep the level. Tra 
pump drive and controls make up a regulating system that su 
a reference signal. The ram moves the barrier to produce a sig 
from the photoelectric cell that is opposite to the reference signal 


























Fulcrum Balances 


Floatless Humidifier 


In redesigning a humidifier for home fur- 
naces to save brass and copper, the Bettinger 
Corporation of Waltham, Mass. came up 
with a porcelain enameled steel unit that is 
automatic the float 
chamber and float valve required in former 


and does away with 
designs. 

By mounting the tank on a fulcrum, the 
weight of the water is used to tilt the tank, 
which then closes the oversized-orifice intake 
valve to shut off the flow. Operation is not 
affected by changes in line water pressure or 
valve clogging. 
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Water _ 
mtet 


~Copper mesh filter 





PORCELAIN ENAMELED-STEEL replaces copper in new float 
humidifier. Resistance to heat, moisture, corrosion and rust ma 
it a satisfactory substitute material. Elimination of float chamber 
valve reduces amount of brass in device 
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PHOTOELECTRIC DEVICE. Barrier 
that its vertical position is unchanged 
by vertical movement of the ram, 
ram. Ends of the 
stationary 
spring maintains tension on the 
in length 
Prede 


suspen 
sion is such 
but is affected 
tilt of the suspension 
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system are members ol 
the press. 
suspension allows necessary change 
und movement of the barrier during tilt. 


termined tilt is set up by level adjustment 
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SCHEMATIC SKETCH 
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NEW DESIGN. Entering water passes through 
r fice valve held open by spring pressure. Water 
lls the tank balanced at the fulcrum. Weight of 
vater in long end tilts tank and closes orifice. 
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Extensometer C ontacts 


Bolt Ends in Tensile Test 


To avoid errors from shifting of grips and seating of bolts 
during tension tests, a new extensometer contacts the center of 
the test bolt’s ends to make direct and exact measurements of 
elongation. The lower contact is a long thumb screw on the 
end of .he lower arm, which is held to the lower test fixture 
by a coil spring. The upper contact is a hardened point in a 
yoke that straddles the upper loading frame. 

The measuring device uses a variable core transformer so that 
elongation of the test piece moves the core and changes the 
reactance of the unit and its output. This unbalances a record- 
ing circuit that includes another variable core transformer. The 
resulting electrical impulse is amplified to drive a servo motor 
which moves the core of the recorder transformer to balance 
the electrical circuit; and at the same time moves the recording 
mechanisms in proportion .o specimen deformation. During 
test, the lower arm is held relatively stationary and the upper 
arm pivots to move the core. 

Movable pivots are provided on upper and lower arms to 
permit unrestrained movement of the core and to permit arm 
adjustment when setting up the test. 
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Magnetic Starter Responds 


to Refrigeration Temperatures 


In the sub-zero cabinets made by Revco, Incorporated, Deer- 
field, Mich., a magnetic starter protects the first and second 
stage compressor motors, shuts the unit off when desired tem- 
perature is reached, and starts it when the temperature rises. 

To do this, Revco wired the temperature control in series with 
the holding coil of the starter, so that the temperature monitor 
can turn the refrigeration system on or off. To protect the 
motors, the }| hp second stage compressor motor thermal over- 
load is connected in series with the temperature control and 
the line starter holding coil, while the } hp first stage com- 
pre‘sor motor thermal overload is connected to the voltage 
supply. If the | hp compressor is overloaded, the entire unit 
is shut off; if the } hp compressor is overloaded, only that 
machine is shut off. If the } hp compressor were allowed to run 
when the } hp unit had tripped out, the suction pressure of the 
| hp unit would be equal to the head or condenser pressure of 
the system and at high ambient temperatures the second stage 
unit could not be restarted. 
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REVCO cold chest refrigeration system has tw 
hermetically sealed compressor units. One ma; 
netic starter protects both these motors as we 
as turning the unit on and off in response to ten 
perature control. 
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NEW extensometer contacts bolt 
ends during tensile tests. Retainer 
plates hide contact points in cut 
at left. Upper extensometer arm 
rests on two knife-edge strips of 
vertical bar and yoke assembly. 
Vertical arms are adjustable to 
cover a range of bolt sizes. Exten- 
someter arms are parallel when test 
>—_ an begins. These units will operate 
with loading frames of 50,000 Ib 
rticol arm capacity to test bolts up to @ in. in 
size. The extensometer has magnifi- 
cations of 12.5, 25 and 50 to 1. 
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HARDENED tapered inserts fitted 
in a box-like fixture hold the speci- 
men during test. The upper insert 
has a clearance hole for the bolt 
and the lower one is threaded. 
Load is applied through the 
threaded insert. Retainer plates 
keep the inserts and bolts from 
jumping out at fracture. Developed 
by the International Harvester Com- 
pany, Chicago, Ill., the units are be- 
ing built by the Baldwin-Lima- 
Hamilton Compontion, Philadel- 
phia, Penna. 
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WIRING DIAGRAM shows how temperature control is are stopped. A } hp motor thermal overload is connected to 


ane 4 vired in series with holding coil of magnetic starter. the voltage supply. When the } hp motor is overloaded, th: 

we L Starter also controls the two compressor motors: } hp motor — entire machine is shut off, but when 3 hp thermal overload 
4 HM " 

hon 1 hermal overload is connected in series with the starter trips, only that unit is shut off. If holding coil is overloaded, 


1olding coil so that if it is overloaded, both compressors both motors are stopped 
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SELECTING MOTOR SIZE is one of the 
teps involved in the design of motor- 
driven machines. Unfortunately, many 
lesigners feel obliged to choose be- 
tween elaborate theoretical analysis 

And, the latter ap 
proach is selected much too frequently. 
These designers overlook at least four 
other methods of determining motor 
rating that sp in the gap between theory 
in 1 put sswork. 


1 
ind Puecsswork. 


in the choice 
These ratings 
the safe side so 
ictually too large for the 
rhe penalties are high first cost, 
requirements, low 
and inefficiency. It 
hould be pointed out here that present 
lay motors have sufficient safety or 
factors so that additional mar- 

gins are usually undesirable. Of 
the alternate result of poor 
guesswork is a motor that is under- 
sized. Decreased operating life, fre- 
juent even burnout are 


Poor estimates result 
incorrect ratings 
most often on 


motor 1s 


‘| ¢ 
pa 


power factor 


ervice 


jurse, 


stalling or 
possible effects 
Such troubles are unnecessary be- 
1use motor ratings can be predeter- 
mined with a fair degree of accuracy. 
Several techniques are available, each 
pplicable to certain problems 
1. Calculation from existing data is 
method frequently neglected. There 
xists in the handbooks, textbooks, and 
manufacturers’ catalogs, a wealth of in- 
formation that simplifies mathematical 
letermination of motor horsepower 
The rating required to motorize a 
tandard machine for example, 
in be obtained from any one of sev- 
ral handbooks. The power required 
ra rtain metal-cuting operation 
be determined from tabu- 
iation Data on screw 


tool 


efficiencies, gear efficiencies, etc. facili- 
tate calculation of horsepower required 
for roll-adjusting and _ traversing 
motors, Experience with similar 
machines of another size is invaluable. 

But calculation of motor horsepower 
is impractical in many cases The 
desired data may not be available. The 
machine may be so complicated as to 
make the procedures lengthy, time- 
consuming and expensive 


etc. 


2. A simple torque test can provide 
a quick, accurate answer if a prototype 
or production model of the machine is 
available. To perform the test a torque 
wrench or a long lever carrying a 
spring scale is fastened to the drive 
shaft of the equipment. The torque 
required to rotate the load by hand 
is read directly on the scale or easily 
calculated by multiplying the reading 
by the length of the torque arm. The 
scale and the lever must, 
be perpendicular when th 
taken. 

This test has its Ob- 
viously it is inapplicable where torque 
varies greatly with speed. It is limited 
to applications where the load torque 
is substantially constant as speed in- 
creases. Conveyors and machine-tool 
traversing drives are suitable exam- 
ples. Although theoretically it is de- 
sirable to manually rotate the shaft at 
its normal operating speed, such is not 
always practical. But this is not nec- 
essary if torque varies only slightly 
with speed 

This test is particularly advantageous 
since it can be run without the aid 
of a trial motor. Also it provides a 
method for determining breakaway 
torque, which is important where a 
mechanical system tends to “freeze 
up” while sitting idle overnight. It is 
sometimes more desirable to mount a 
pulley on the driven shaft, fasten a 
rope to the outer edge of the pulley, 
and gradually add weight until the 


of course, 
reading is 


limitations 
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The Federal Machine 4 Welder ¢ 
Or a torque wrench..... 


Or a laboratory-type 


shaft just starts to rotate. Where field 
conditions may impose dirt, grease, o1 
ice on the mechanism, this must be 
considered 

3. A steady running test using elec 
trical meters is the third method. Fo: 
this test a motor must be available t: 
operate the machine during the time 
that meter readings are being taken 
In most cases, any motor large en sugh 
to start and run the load for only a 
few minutes is satisfactory. The motor 
is coupled to the shaft of the machine 
and the steady running power input 
measured, preferably with a _ watt- 
meter. This reading, together with the 
motor efficiency, can be translated into 
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Or a few electric motors .... 
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The Burt Manufacturing Co 


thermometer can provide the answer 


cussed above presume 


runs in one dire 
constant load 
th mot 
e frequently 
atly In Su 
tion of hors 
be made only by a 
measure the 


Here 


the motor ultimately 


temperature 
motor a motor that is s 
intend 
the machine must be used. O 
if the application clearly ind 
NEMA Design-D, high-tor 
slip motor, a heat run on ar 
Design-B motor, 
identical n all other spa 


although 


wouid not vive con lusive 

Hence, the 

as at 

rating suci 

dividing the overal 

various phases 
accelerating, steac 


Sal, ek is in turn examined t 


mine its rms horsepower. Wh 
the individual rms val 
then the overall rms 
determined. A motor 
horsepower can then 


a heat run 


larger rating 

Temperatures in 
monly measured by 
tory-type thermometer 
tied” to the port 
motor frame that will ext 


temp 


means of 
This 
ion or th 
highest measurable c 
This 


majority of 


method is 


How Big A Motor? 


shaft horsepower. This test is, of 
course, applicable even where load 
torque varies greatly with speed. 
Pumps and fans are examples of equip- 
ment to which this method can 4 
applied. 

In some cases, the load may vary 
over a period of time. This compli- 
cates motor selection because the prob- 
lem of duty cycle must be considered. 

The motor rating required to drive 

i 


" . 
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a machine with varying duty cycle can 
be determined from a curve of in- 
stantaneous horsepower vs time. The 
points on this curve are obtained in a 
running test by taking periodic read- 
ings of input amperes. Or, 
still more accurate results are possible 
if a recording wattmeter or ammeter 1s 
used. These devices automatically pre 
the curve of watts Or amperes vs 
time. It is a simpie matter to convert 


watts or 


pare 


improp 


pro} 
or inaccuracies of the thermomet« 


possible because of 


more precise results are need 
temperature rise can be rmined 
measuring the resistance of the motor 
winding before and after th 
oreferably by an accurate bridge. ' 
semen the temperature coefficie: 
resistance, the exact 
of the copper conductor 
culated 


temp rature 
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Consulting Engineer 


MOTOR SPEED CONTROL. The magnetic amplifier 

offers a convenient means of providing adjustable 
voltages for changing the speed of a d-c motor. Voltage 
at motor terminals, Fig. 1, is supplied from the d-c side 
of a static rectifier. The latter receives a-c power through 
the load coils of a magnetic amplifier. The impedance of 
the amplifier is controlled by a he coil that draws rectified 
power from the a-c system through a rheostat. 

By resetting the rheostat, the current in the control coil 
is increased, causing greater saturation of the iron core. 
The resulting drop in the impedance of the amplifier load 
coils raises the voltage across the motor terminals. This 
brings about a proportionately greater motor speed. 

An opposite effect on motor speed is caused by lowering 
the current in the control coil. The impedance in the load 
coil is increased and reduces the net voltage available across 
the motor terminals. 

The d-c power in the field coils of the motor is supplied 
by a separate rectifier. A resistor, not shown, can be put 
in series with the field winding of the motor to adjust 
the field strength to give additional speed adjustment. This 
method of speed control has been applied successfully to 
motors up to 25 hp and larger. 


INDUCTION STARTER FOR D-C MOTOR. For 

low inertia loads, an induction coil may provide sufficient 
current limiting for d-c motor starting. The circuit in 
Fig. 2 shows the use of a magnetic amplifier to time the 
operation of an induction starter. 

In accordance with electrical theory, a coil placed in 
a d-c circuit has the effect of resisting any increase or 
decrease in the magnitude of current. But when steady- 
state conditions of current are reached, the coil has little 
effect. Thus, when the main contacts of this circuit are 
closed, current builds up slowly in the shunt field. The 
control coil of the magnetic amplifier is in series with the 
field winding and carries the same current. 

At start, then, the control coil current is low so the 
impedance of the amplifier load coils is high. The load 
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HOW A MAGNETIC AMPLIFIER OPER \ 15: 
A simple form of the self-saturating ma_ net 


amplifier appears in the sketch. It consists of ; 
single iron core carrying two separate coils. On 
is the control coil, consuming small quantit: s of 
d-c electrical power. This is connected to a c 
device, such as a switch or meter. 

The second coil is connected in the a-c load line. 
It acts as a valve, regulating the current available 
to the load, which may be a motor. With this 
device, small currents in the primary coil contro) 
large currents in the secondary coii. Hence, the 
term “magnetic amplifier.” 

Impedance changes are responsible for the valve. 
like action of the load coil. The impedance 
of the coil is a function of the amount of flux that 
the load current can set up through its winding: 
Total flux is, in turn, proportional to the satura 


itro| 


coils limit the rate of rise of the motor armature curren 
As the current in the field winding increases progressively 
the impedance of the amplifier load coils drops ee 
tionately. Thus, less resistance is offered to the flow of 
armature current, which builds up steadily to rated value 
When the back emf of the motor armature reaches its 
normal operating magnitude, the relay contacts close, shor 
circuiting the magnetic amplifier. The relay can be omitted 
where the motor runs only for short periods, such 
required to position a tool carriage or close a valve. 


MOTOR LOAD CONTROL. This circuit makes it pos 

sible to maintain constant load on a motor. One appli- 
cation for this system is the control of a centrifugal water 
pump. The magnetic amplifier circuit provides for the 
maximum rate of flow without overloading the motor 
The d-c motor has a portion of its field connected to an 
a-c source through the magnetic amplifier. The contro! 
coil of the amplifier is connected across the interpole 
windings of the motor. Therefore, the voltage applied 
to the control coil is proportional to the load current 
passing through the motor armature. 

When the motor load tends to increase beyond the preset 
value, the amplifier control coil current also rises, building 
up the saturation of the iron core of the amplifier. This 
allows more current to flow through the rectifier 
strengthen the motor field and reduce the motor speed 
When the load on the motor load decreases sufficient! 
its field strength is reduced and its speed increased 
bring the load back to the normal rating. This correcti 
action Occurs constantly, in much the same manner as 
vibrating stack voltage regulator. Of course, the magnet 
amplifier has no moving parts so that unstabilized perforr 
ance has no effect on service life. 


GENERATOR LOAD CONTROL. The current outp 
of an electrical generator can be held constant at ar 
predetermined level by this means. To raise generator ou 
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tion of the iron core. If the flux saturation is low, 
the load coil impedance is high. However, a cur- 
rent through the control coil sets up its own flux 
lines, partially or completely saturating the iron. 
The impedance of the secondary coil drops. 

By adjusting the value of the current in the 
control coil, the secondary impedance—and, hence, 
load current can be controlled. The rectifier is in- 
cluded to prevent the flow of power from second- 
ary to primary coil by transformer action. 


put it is necessary to strengthen the field; whereas to step 
up motor output, field strength must be reduced. 

When the amplifier control coil detects an overload, 
the impedance of the load coil decreases, increasing the 
strength of the auxiliary field. This has the effect of 
reducing the net or effective flux threading the armature 
oils. Terminal voltage drops somewhat, simultaneously 
relieving the overload. 

Should the value of load current fall for any reason, the 
control coil excitation becomes less also. The impedance ot 
the load coils rises, lowering the voltage across the auxil- 
iary field. With the reduction in the strength of the field 
opposing it, the main field can deliver more effective flux. 
Thus, the terminal voltage is stepped up and the generator 
load restored to its rated value 


TACHOMETER SPEED REGULATION. The circuit 

in Fig. 5 is designed to maintain the speed of a motor 
constant. It is especially applicable to multi-motor drives 
where the speeds of the various sections must be closely 
synchron@®ed. Paper or textile machines having continuous 
strips of material passing through several sets of rolls arc 
examples of possible applications. Customarily, each set of 
rolls is driven by a separate motor. 

The drive motor is coupled to a small tachometer gen- 
erator which has a permanent magnet field. This field is 
onstant in strength and requires no exciting current. The 
tachometer has a d-c armature that furnishes power to the 
ontrol coil of a magnetic auiplifier. This current can be 
adjusted by a rheostat to set the desired motor speed. 

When the motor speed goes above the predetermined 
value, the tachometer voltage increases beyond its normal 
ating. The control current also rises, resulting in less 
mpedance in the load coils. The excitation of the auxiliary 
field increases, causing a net increase in the effective motor 
ield. The main and auxiliary fields are wound so that fluxes 
are additive. Because of the increase in field strength, the 
motor decelerates to the set value. Should speed go below 
this level, an opposite correction occurs. 
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Fig. 2—Induction starter for a d-c motor 

















Fig. 3—Load limiting circuit for a d-c motor 
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§ *“ MOTOR STARTER. Operation of this circu 
is Mm h the un is that xplained abo for the 1 
if Howe oils a q lipped with ele 

trical interlock co wide additional assurance for 
h yf jucn of 1 of out At the proper 
Val f back voltage and current tout No. 1A closes 
Interlo ont No 1A closes simultaneously. Note 
that this contact is in the circuit of the No. 2A closing 


function until the first 


Like 


this coil 


Ther 


portion of th 


rore, cannot 


starting resistor has been by passed 


WISE ifter the cutout and interlock contacts No. 2A have 
losed. closing coil No. 3A can operate to short the entir 
resistor in the armature circuit 
he magnetic amplifier increases the effect of armature 
rent changes so that the contactor operation is extremely 


} 
tant feature when the 


h of which 


a Irate This 


resistor Nas a great number 


an Starting 


Of taps, ea is to 


be by-passed in sequence. The voltage and current differen- 





! 
tials between the functioning of adjacent contacts are small 
so that precise measurement of values is mecessary to 


guarantee proper Operation. The electrical interlocks also 
o prevent malfunctioning. Without these design 
features, it is difficult to adjust the starter so that the con 
in Furthermore, after extended 
difh ult to hold 


serve t 
correct sequence 
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DYNAMIC BRAKING CONTROL. A hoist motor 
may be designed to lift the load and also to supply much 
of the braking effort needed to retard the load when it ts 


ing a lift, the 


the motor act 


being lowered. Dur motor 
In braking 
erator, returning power to the el 
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consumes positive 
ally performs as a gen- 
trical supply lines. This 
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Fig. 9—Signal amplifier for sensing elements. 


a counterbalance in excess OI the weight ol the Car to of 
some cf the load during hoisting and lowering 

The variation between positive and negative motor 
requires the use of two control windings, A and B. Co 
provides a reference flux and coil B is responsive to 
amount and direction of the armature current. In the 
of Fig. 8, a Ward-Leonard type of speed control is 
ployed. The generator shown is part of a separate m 
generator set and supplies adjustable voltage to the |! 
motor. The drive motor for the generator is not sh 

When the motor load is positive, coils A and B 
additive and act to increase the generator voltage in 
portion to the load. When the load is negative, co 
opposes coil B to reduce the generator voltage.*The m 
now becomes a generator driving the motor-generato: 


return power to the line and slow the speed of the h 


SIGNAL AMPLIFIER. The transducer is a comp 

ent that appears more frequently in the control cir 
of machines. Broadly defined, the transducer is any 
ment that changes a physical quantity to an electrical 
nal. Transducers are available that are responsive to | 
heat, weight, pressure, sound, size, speed, acceleration 
other quantities. The signals from transducers can be 
to circuits controlling machine operations. 

Usually, transducer signals are small in magnit 
Between the sensing element and the control elemet 
stage must be added to step up the signals to usable les 
A magnetic amplifier is a suitable device for this purp 

The diagram in Fig. 9 shows a diaphragm type of p 
sure or vacuum regulator. The diaphragm acts agains 
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Fig. 10—Slip control for a magnetic coupling. 


The iatter is conne ted in series with 
the control coil of a magnetic amplifier. The load coils 
f the amplifier are in series with the auxiliary field of a 
This motor may be operating a pump or an air 
compressor. Assume that it controls a pump that maintains 
2 fixed water level. A small drop or rise in the water level 
brings about an adjustment in the motor field to chang 
the pump speed. This restores the water to the desired level 
Float switches are used for this purpose but are often difh 

to imspect and maintain. Water pressure is easy to 

sure, using a pipe from the tank to the controller 


rbon pile resistor. 


motor 


1 ADJUSTABLE SLIP CLUTCH. The construction 
of a magnetic clutch is similar to that of a squirrel 
age motor. The rotor of the clutch may be connected to 
load, while what substantially resembles the stator of 
squirrel cage motor may be coupled to the shaft of the 
lrive machine. The “‘stator’’ or field windings of the clutch 
d-c excited. When the drive motor is energized, the 
ld flux rotates in relation to the clutch rotor. The torque 
ransmitted through the clutch is directly proportional to 

magnitude of d-c excitation. 
Using the magnetic amplifier circuit shown in Fig. 10, 
slip of the clutch can be regulated. By this means, 
e speed of the load—a fan in this case—can be adjusted 
any desired value. The rheostat R, is the speed setting 
vice. Once adjusted, the speed is held constant by action 

f this circuit. 

The clutch coils receive power from a rectifier bridge. A 
ichometer generator, whicn is belt-connected to the driven 
ember of the clutch, maintains the fan speed constant by 


_ 


*RODUCT ENGINEERING — SEPTEMBER, 1952 








idpusunyg 1¢ ¢ in I 
coil B The flux h 
oil A. An i ( nt 
ma iSt 1 the | h slip. A 
d se in fan speed ( in th um} 
fier to red h i ifugal pump 
whose O | Va { wel 
i ap ¢ 1 for n VI ) ) 
11 SERVO CIRCUIT. Respor ical uractet 
istic in servomechanist It is d yf course, to 

have the output movement follow ynal as closel 
as possil le. Now, rate of respots ormally proportional 
to the magnitude of the error. To sp ip response, th 
designer may include an “error intensifying’ device in 
the circuit which amplifies the § Und ideal 
onditions, the amplification should drop oft abruptly a 
the null point of the servo sy n to pl n he ou p 
service from overshooting the desired position. The ma 
netic amplifier provid s this type of performar 

An example of such an application is the rudder positior 
ing servo system sketch d in Fig. 11. Wh the steering 
rheostat is moved, it applies voltage to the generator fiel 
to furnish power to the rudder motor. As the rudder 
turned it moves the rudder rheostat arm in a direction to 
reduce the current in the an lifer control coil. The rheostat 
supply current trom th amp! her drops proportionat ly 
The amplifier redu this current slowly until the neutral 
point is reached, Here, th rent uptly to 
stoy the rudder motor. This method ca i forthe s 
mote control of dampers, vals ppl to 


I 

















= 





;enerator 








Magnetic amplifiers 












































Senerotor field 











12 DOUBLE LOAD CONTROL. This is a combination 
of the circuits shown in Figs. 3 and 4. The use 
of two magnetic amplifiers makes it possible to maintain 
the motor load at an extremely precise, predetermined 
amount. The motor and generator illustrated above are 
connected electrically, not mechanically. The generator is 
powered by a separate motor, not pictured. The motor 
drives machine elements, such as the rolls of a blooming 
mill. 

Both motor and generator have an individual magnetic 





amplifier to control field strength. Each amplifier 
sponsible to the same load current, which passes thr 
both armatures. At start, the motor has maximum 
strength. The generator field starts at zero strength ar 
gradually built up to the desired operating speed and 

the generator delivers its maximum voltage. Whe 
further increase in motor speed is required, the motor { 

is reduced to provide the increase. There are several 
interlocking control connections that are necessary, | 
these are omitted to simplify the diagram. 










































































Mo f — _ sain irs 
.,. , 
4 | , ia -— 
‘2 OW | Ms a ie j nor La 
! 2 4a 
= 4 iF ‘Fs 
® ‘ oa > 
5 . 5 4 a i C ‘ t ' 
4 lv Ig 
7, fier 
1 D-C MOTOR STARTER. This is a standard d-c motor current conditions is satisfied, contacts No. 2 close. T! 
starter of the counter emf type. Initially, the full process continues until contacts No. 4 are closed and t! 
starting resistor is in series with the armature to limit motor is at rated speed. 


the current inrush to a safe value. The resistor is tapped 
in four places by individual magnetic contactors, each 
designed to close at a different value of counter emf or back 
voltage. The starter automatically cuts out the resistor 
in four steps until the resistor is completely out of the cir- 
uit at rated motor speed 

As the motor armature accelerates, the back voltage 
builds up. At a given value of back voltage, the magnetic 
field of coil No. 1 attempts to close its contacts. However, 
this closing is prevented by the field of the corresponding 
lockout coil, which acts in the opposite direction to that 
of the closing coil. Coatacts No. 1, therefore, cannot close 
until the armature current has decreased to the predeter- 
mined value. 

When the desired conditions of both voltage and cur- 
rent are reached, contacts No. 1 close, shorting-out or 
by-passing the first section of the starting resistor. This 
increases armature current, allowing the motor to accelerate 
further. Then, when the second set of counter emf and 
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The lockout coils receive power from a rectifier throug 
the magnetic amplifier. The d-c control coil of tl 
amplifier is connected across the interpole windings of t! 
motor and measure armature current. A one percent chan; 
in armature current can cause 100 percent change in t! 
flux of the lockout coil. This yields an accurate control « 
the accelerating current. Any change of friction in t! 
contactor movement is of small importance compared | 
the wide change in the strength of the lockout coil. Wit 
this circuit, acceleration of the motor can be precis 
ontrolled since the circuit is sensitive not only to ba 
\vitage, but to armature current as well. 

The application possibilities for this circuit are varic 
The magnetic amplifier acceleration control might be i: 
cluded in the operating circuits of a traction motor. The 
regardless of how abruptly the operator may actuate tl! 
accelerator pedal or switch, the vehicle will increase 
speed at a rate that cannot upset passengers or carg’ 
Another application might be in machine tool drives. 
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POLYTETRAFLUOROETHYLENE, or “Teflon”, is a_ plastic 
that frequently can be used under severe operating condi- 
Its outstanding properties, Table I, on which are 
based its many applications are its toughness over a wide 
range of temperatures, its excellent electrical characteristics 
over a wide range of frequencies, its chemical inertness, heat 
resistance, low coefficient of friction and non-adhesiveness. 
Its major fields of application are as gaskets, packing and 
liners in hydraulic and chemical equipment, as an electrical 
insulator and as a chemical resistant and non-adhesive 


trons. 


finish. 


Teflon is capable of continuous service at temperatures 





Components 
and Coatings 


from —90 to 500 F. 


temperature range 
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+ 
Teflon stop-cock 
in this burette 
prevents sticking. 


SEPTEMBER, 









Its impact strength is high in this 
At 620F the mechanical properties 
change sharply and at 750 F decomposition to a gaseous 
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able I—Pro 


JEP tiie 





Property 





Tensile strength, 77 F, psi.. 
Elongation, 77 F, psi.. 
Flexural strength, 77 F, psi. 
Stiffness, 77 F, psi 
Impact strength 
Izod — 70 F, psi 
77 F, psi 
170 F, psi 


Compressive stress at 0.1% 
deformation, psi. . 


Coefficient of linear thermal expansion 

per deg, 77-140 F...... 

Thermal conductivity, 0.18 in 

B.T.U./hr./sq. ft./F./in.... 
Specific heat, B.T.U./Ib/F....... 
Deformation under load 122F., 

1,200 psi, 85 hrs., percent......... 
Heat-distortion temperature, 66 psi, F... 
Dielectric strength, short-time, 

it  } Sl Se ee 


Volume resistivity, ohm-cm............ 
Surface resistivity, 100% R.H., megohms' 
Dielectric constant, 60 cycles... 





D638-46T 
D638-46T 
D790-45T 
D790-45T 


D256-47T 
D256-47T 
D256-47T 
D676-47T 
D695-44T 


D696 44 


1500-2500 
100-200 

did not break 

60 , 000 


2.0 
4.0 
6.0 


D55-D70 


1,700 


5.5 x 10° 


1.7 
0.25 


48 
270 


400-500 (2) 


700 (3) 
10" 
3.6 x 10° 


2.0 
0.0005 
0.0005 
0.0005 
0.0005 
0.0 
nonflammable 
2.1-2.3 
excellent (4) 


























Testa have been performed by A.S.T.M. methods unless otherwise 
indicated. Data shown are average values and should not be used for 


specifications. 


(1) Thermal conductivity measured by Cenco-Fitch apparatus. 
(2) Value is 1,000-2,000 volts/mil in thicknesses of 5 to 12 mils. 


(3) Does not track. 


(4) No detectable change after 5 years of outdoor exposure in Florida. 


phase occurs 


At temperatures below transition (620F) 


it is remarkably stable. Molded bars show a loss in tensile 
strength of only one percent after one month at 480 F. At 
570 F this loss becomes 10 to 20 percent 

Fillers can be incorporated into Teflon to increase stiff- 
ness, hardness and compressive strength and to reduce 


deformation under load 


Materials generally used include 


carbon, graphite, asbestos, taic, copper powder and zircon 


and glass fibers. 


The outstanding electrical properties of Teflon are its 
low power factor even at high frequencies, its high dielec- 


tric strength and its good arc resistance. 


Because the sur- 


face of the material vaporizes it can be exposed indefinitely 
with no production of a carbonized path. Its extremely 
low water absorption assures retention of its electrical 
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| I ype rties even after prolonged exposure to moisture. 
Teflon is available as molded parts, extruded and molded 


hapes and as aqueous dispersions for finishes 


Gaskets and Packing 


Teflon is an effective gasket material because of its 
hemical inertness and good mechanical properties over 
1 wide range of temperature. It is attacked by only molten 
ilkali metals and aocias at elevated temperatures and 
pre sures 

Its mechanical properties Fig. 1(a) are comparable to 
those of high grade rubber bonded asbestos, except for 
the compression characteristics. It compresses at a uniform 
rate with increasing load whereas with asbestos the convers« 
iS tru Recovery upon removal ol the load proceeds 
it about th ame rate for both materials A lack of 

siliency is indicated by the steepness of th recovery 
curves. In applications involving variations in tempera 
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Fig. 1~—(a) Compression and recovery curves, (b) Effects of long-time compression on solid Teflon gaskets. 
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Fiz. 2~ (a) Three major forces acting upon a gasket. (b) Teflon envelope gaskets. (c) Spiral wound Teflon metal gasket. 


ture the pressure on the gasket changes through expansior 
and contraction of the flanges and bolts. This may necess 
tate spring loaded bolts 

Under long time compressive load, Fig. 2(b), th 
tendency for Teflon to cold flow is not excessive and 
equilibrium is reached after only the first few hours of 
load application at a given temperature and pressure. No 
further deformation will occur until the wa or tempera 
ture is changed. 

Gaskets fabricated from Teflon, Fig. 2, include solid 
jacketed, spiral wound, and impregnated types. 

Solid gaskets. Solid Teflon gaskets are used in applica 
tions where standard design flanges are used. For low 
pressure applications, i.e., 150 to 300 psi raised flanges 
ure normally used. Higher pressures require a confining 
arrangement such as tongue and groove or male and female 
flanges. Pressures as high as 30,000 psi have been with 
stood by tongue and groove flanges. 
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Table Il — Physical Properties of Filled “Teflon” Compositions 
Filler Proportions in Percent by Weight 





: A.S.T.M, Unfilled 33% 50% 67% 25% 50% 5% 52% 33% 80% 80% 
Units Test ‘Teflon’ Carbon Carbon Carbon Graphite Graphite Graphite Asbestos Tale Copper Zircon 





D638 1,800 2,375 2,300 1,790 2,200 2,425 1,990 1,780 1,700 2,300 
D638 100-200 . 5.9 1.2 0.2 4.7 





D638 $8,000 £21,000 431,000 574,00) 309,000 378,000 1,190,000 310,000 


Did noc Did not 
break 6,100 6,200 3,980 5,700 4,560 3,200 4,080 break 4,170 4,200 


Did not 
break 8,650 5,400 5,600 2,900 


ft-lb. 
in. 





underload 
2000 psi’, 
24 he. percent 


Hardness, 
St “p' 
Density of 
Molding gm/cc 
ae BT .U./ me 
Therm c/ (Cenco- 
Conductivity te /E/An Fitch) : J ’ 19.5 4.2 


Electrical r 
Resistivity ohm-cm . . 0.0 2.6x1012 


Water | 
Absorption percent Yd x ¥ . . 0.0 0.05 








Solid rings Tapered wedge Seeaiee : 
ning x 4 ~ Jed of chredded 
(a) rings (b) X] ng molded 40 


Fig. 3 — (a) Teflon packings include solid rings, V-rings, and tapered wedge rings. (b) Stuffing box packed with Teflon. 


oo Envelope Gaskets. These consist of a soft filler mate- Bolt Loading Calculations 
rial covered by a Teflon jacket. They were developed for , 

applications where flange misalignment and low bolting Bolt loading calculations for Teflon gaskets are based on 
pressures would prevent seating of solid gaskets. Glass, the procedure suggested in the 1949) ASME Boiler (en 
porcelain and glass-lined equipment fall into this category. *TUCtOn Code, Section VIII, Appendix III, the formulae 

Fabric reinforced rubber, soft asbestos sheet and metal “S¢d are 
fillers can be used to provide the properties desired in the Wa = H = Hp + 0.785 GP + (2b X 3.14 GmP 
envelope gasket. and 

Spiral wound metal gaskets with a Teflon filler are suit Wma = Hy = 3.14 bCy 

ble for high pressure chemical applications. Stainless where: 
steel, Monel and other corrosion resistant metals are used Wm. = required operating bolt load 


for these applications H = hydrostatic end force 
The d P aap a , . H, = compression load on gasket 
€ development 0 Ispersions has introduced new Wag = required initial bolt load for normal conditions—no 


sasket materials. Coatings can be applied to gasketing internal pressure 
iaterials with desirable compression characteristics to pro H, = load on gasket to assure a tight joint 
b “Cc oint-cé u d 
ide better performance or to lower cost. mm COCEIvS Guten jelat-contact-curines coating welth 
Meal ow seite te by din V-st heal G diameter at location of gasket load reaction 
M ire inserts nave been used in V-shaped gaskets P = internal working pressure 


) prevent flow of the Teflon out of the seat. y = yield stress, or the minimum stress required to effect 


the 
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Fig. 4—This plug type valve manufactured by the Duriron Co. 
uses a Teflon liner and diaphragm. The liner affords an excellent 
seat for the plug, is chemically resistant and self lubricating. 


a seal against even slight fluid pressure. 

m = the gasket factor, or the minimum required ratio 
of resultant stress on the gasket and the internal 
pressure. 

Values of m and y for solid teflon gaskets are obtainable 
from gasket manufacturers. 

Bolting loads needed to seat envelope gaskets depend 
largely on the filler material. The m and y values for 
envelope gaskets with compressed asbestos and harder 
fillers will approach those of solid Teflon, whereas for 
softer fillers these values will lie between those for solid 
Teflon and those for the filler material. 


Teflon Packing 


In considering Teflon as a packing material, the rubbing 
speed is of prime importance. Frictional heat is developed 
at a slower rate in unlubricated Teflon packing than in 
other materials because of its low coefficient of friction. 
However, its low thermal conductivity retards heat dissi- 
pation and its high coefficient of thermal expansion reduces 
clearances as the temperature rises. 

Applications for Teflon packings fall into two general 
classes, based upon shaft surface speed 

(1) Low speed applications such as for valve stems, 
reciprocating pumps and agitators, where rubbing speed 
is less than about 150 feet per minute and the seal is 
effected by direct contact between the packing and shaft 

(2) High speed applications, such as centrifugal pumps 
where rubbing speeds exceed 150 ft per min and where 
an annular space is maintained along the shaft to prevent 
contact between shaft and packing. 

Low speed Teflon packings, Fig. 3(a), include solid 
rings, tapered wedge rings, braided packing, V-rings and 
impregnated packings. 

A typical high speed pump packing is shown in 
Fig. 3(b). Rings made from shredded Teflon held 


together with a — binder have good form stability to 
clearance along the shaft and have 


insure maintenance o 
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(c) 





i 


Fig. 5—Teflon coaxial spacers (a) and inserts for connectors (b) 
give improved efficiency to television and FM transmission 
High voltage, high frequency wires (c) have Teflon insulation 


some resilience and abrasion resistance. The molded rings 
are usually installed with thin spacers of solid Teflon 
carefully sized to the dimensions of the stuffing box and 
shaft. e packing is “run-in” carefully until a small 
uniform annular space is formed along the shaft. 

Mechanical features needed for successful operation o! 
Teflon packings are: 

(1) A smooth, preferably ground and polished shaft 
surface. 

(2) Small gyration of shaft 
0.002 inches. 

(3) Small clearances at the ends of the stuffing box 
to prevent extrusion of the packing. 

(4) Spring loading for stuffing boxes that operate over 
a wide temperature range to accommodate the high the: 
mal expansion of the Teflon without exerting excessiv: 
pressure against the shaft. 

Other Teflon hydraulic components include valve seat 
valve diaphragms, valve liners and O-Rings. 

An interesting Teflon valve application is contained 
a corrosion resistant plug valve, Fig. 4, manufactured by 
the Duriron Company. A Teflon liner between the p! 
and the valve body serves as both valve seat and lubricant 
The advantages derived from this type construction includ« 

(1) Better seal through ability of the liner to sustai 
higher plug pressures that would normally destroy fil: 
contact of lubricants and would cause seizure in metal t 
metal contact. 

(2) No lapping of valve ard seat surfaces is require 
to produce a seal. This allows for lower cost and bett 
interchangeability of parts 

(3) Better resistance to temperature and corrosion. 

(4) No stuffing box and packing required. 

(5) Reduced maintenance and simplicity of operatio: 

Teflon pump pistons and impellers have good servic 
ability where exceptional corrosion resistance is require 
Its low frictional characteristics, toughness and wear resis 
ance are other advantageous properties. Filled compound 


preferably not more tha: 
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Fig. 6—The rolls on this bread molding machine are covered 
with Teflon to prevent sticking of the dough. Many such appli- 
cations take advantage of Teflon’s non-adhesiveness. 


can be used where better rigidity is desired 

Expansion joints machined from Teflon tubing have 
been used with glass piping to take up slack caused by 
temperature changes and to provide maneuverability. 

Glass fiber filled Teflon is expected to gain application 
as pipe and fittings to replace porcelain, glass and carbate 
piping. The chopped fiber affords better rigidity and 
resistance to cold fiow and deformation. Extruded 14” 
O.D. pipe is now under test at the Du Pont laboratories 

Teflon is used as an electrical insulator as molded parts 
or as wire covering. The covering can be either an extruded 
jacket, tape wrapping or dispersion coating 

Molded or machined parts Fig. 5 are used for coaxial 
spacers in television and FM transmission lines and as 
nserts for coaxial connectors. Low power loss and low 
lielectric constant are required for these applications 








CASE 1 Conditions: 
Chlorinated benzol 17," shaft, 1700 rpm 























**| “Teton” 
Cost per unit......... $3.20) $31.20 
Service life........... 4 week] 30 mo. 
Cost per mo.—packing 25. 1.04 

—labor*. 24. 10 
TOTAL......... ae $49.60] $1.14 
Cost for 30 mo........ 488.00) $34.20 
eC Le 


* estimated on basis of 2 man-hours per installation at 
$1.50 per hour ** conventional packing 
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In high voltage cables, Tefl 
to withstand almost any req | voltag 
thickness of the insulation 
Teflon tape 1s effective ip} 
motors, generators and conducto 
mechanical strength and ability to st 
Hermetic sealing between Teflon and 


saw 


plished by a special technique ( opper pow: 


into the surface of a Teflon part at the sectior 
The irregularly shaped metal 
locked into the surface. The copper surfa 
troplated to form a satisfa 
readily soldered 


pow d 
i 


Teflon 


Finishes 


introduced a new field for tl 7 il——fi 
chemically inert, resistant to high and low 
and that have outstanding anti-sticking prop 

These finishes have been used effectively 
industry on rollers that handle 
aging industry to coat parts on heat sealing 


sticky dough 


vent cellophane, foil, polythene and other 
t 


materials from sticking to the unit 


where glue is used paris 


i oming in contact 


The development of Teflon aqueous disp 


tory tal s rract 


have been coated with Teflon to reduce cleaning 
Other current or potential uses for these finishes in 


oating of glass stop cock 
coating of conveyor belts and chut 
terial or parts. 

For coating metals careful cleaning and 
required to obtain a satisfactory coating. St 


in laboratory 
\ h ndl 


and chromium can be satisfactorily coated. It 
mended for use on tin, copper, galvanized m 


plate or soft soldered joints 


Economic Factors 


| 


Both the material cost and fabrication 
are high. However, this high initial cost 
by increased 
improved performance 

Some case histories shown in Table II 


service life, lower maint 


Savings obtainable by replacement of lower 


with Teflon 
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APPLICATIONS, information and technical data in this article 


were contributed by the I 
Wilmington, Del 


Table I1l—Teflon Packing Case Histories 


CASE 2 Conditions: 


98% sulfuric acid, %" shaft, 1750 rpm 


























Packing* | “Teflon” 

Cost per unit...... $1.10 | $11.28 

Service life. .......... \% week | 27 mo. 

Cost per mo.— packing. 8.80 42 

—labor. . . 24.00 ll 

> | ers eS $.53 

Cost for 27 mo........| $886.00 | $14.30 
* conventional packing 


I. duPont de Nemours & Company, 























How to Provide for Backlashfar 


These illustrations are based on two general methods of providing for lost motion 


or backlash. One allows for relative movement of the nut and screw in the plane 








-Main nut _Locknut + Adjusting screw 


— Locking Screw 


| um 


wat 
wae 








THREE METHODS of using slotted nuts. In (A), nut sections bear on right-hand flanks of screw thread and vice versa | 
are brought closer together to force left-hand nut flanks to (B), and (C) nut sections are forced apart for same purpos 


SESS SHCHSST ESET ESSE ERE SE EERE ERE S Eee Ee Eee Eee EEeS 





index spri V-notches Spoc Adjustable section 





























vv nut Rubber rings Adsustingnut Nut ° Guide s/ot 
AROUND THE PERIPHERY of the backlash-adjusting nut are SELF-COMPENSATING MEANS of removing backlash. Slo 
“vy” notches of small pitch which engage the index spring. To is milled in nut for an adjustable section which is locked b 
eliminate play in the lead screw, adjusting nut is turned clock- screw. Spring presses the tapered spacer block upwards, forcing 
wise. Spring and adjusting nut can be calibrated for precise use. the nut elements apart, thereby taking up backlash. 





Auxiliary Screw Main nut Working nut -- j Slots Nut base, 
nut L Y f ' : 



































‘goits Adjusting nut? Locknut-~ Auxiliary nut ‘Setscrews 


MAIN NUT is integral with base at- ANOTHER WAY to use an auxiliary COMPRESSION SPRING place # 
tached to part moved by screw. Aux- or adjusting nut for axial adjustment tween main and auxiliary nuts & 
iliary nut is positioned one or two of backlash. Relative movement be- force tending to separate | 
pitches from main nut. The two are tween the working and adjusting nuts thus take up slack. Set screws 
brought closer together by bolts which is obtained manually by the set screw nut base and prevent rotation « 
pass freely through the auxiliary nut. which can be locked in place as shown. iliary mut after adjustment 
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CLIFFORD T. BOWER 


London, England 


in Threaded Parts 


parallel to the thread axis; the other method involves a radial adjustment to com- 


pensate for clearance between sloping faces of the threads on each element. 
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NUT A IS SCREWED along the tapered round nut, B, to eliminate backlash ANOTHER METHOD of clamping a nut 
or wear between B and C, the main screw, by means of the four slots shown. around a screw to reduce radial clearance 
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AUTOMATIC ADJUSTMENT for backlash. Nut is flanged on SPLIT NUT is tapered and has a rounded bottom to maintain 
each end, has a square outer section between flanges and slots as near as possible a fixed distance between its seat and the 
cut in the tapered sections. Spring forces have components center line of the screw. When the adjusting nut is tightened, 
which push slotted sections radially inward. the split nut springs inward slightly. 
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Bushing Adjustable section Dowels ~-?* Adjusting screw 
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One, a relatively small amount of ro- section. Two dowels insure proper alignment. The third illustration is similar 


tation will take up backlash. to the first except that two adjusting screws are used instead of only one 
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ROBERT C. MAY* 


The Clark Controller Company 


THE D-C OPERATED electromagnetic 
brake offers five major advantages not 
possessed by the a-c type of unit. In 
some applications requiring braking of 
an a-c motor, these advantages justify 
the added cost For this re 
rectifier brake is finding acceptance 

The rectifier brake consists of a d-c 
electromagnetic brake and a plate 
rectifier. The rectifier is connected to 
the a-c supply lines for the motor and 
provides sufficient d-c power for opera- 
tion of the brake 

Usually, a control circuit is included 
in the rectifier assembly to improve 
the magnet performance. It is the pur- 


ison, the 


utomatic 


* Mr. May is now with The A 


tch Company 
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Fig. 1— Components of a typical rectifier brake. At left, 
above, is shown the d-c electromagnetic brake, which 


of poomcional design. The rectifier and control devices 


d at the right, above. 


D-C Brakes 


pose of the circuit to duplicate one in- 
herent characteristic of an a-c brake 
not possessed by a simple d-c unit. 
The a-c magnet draws a high initial 
current for fast, powerful brake opera- 
tion. But once the brake is fully 
opened, current drops off to a lower 
value for holding. 

The control circuit of a rectifier 
brake normally includes 2 means for 
applying two gg voltages to the 
magnet coil and a timing device to 
select between these voltages. This 
provides high starting and lower hold- 
ing currents. 


Advantages of D-C Operation 


The construction of an electrically 
operated brake is in many ways simi- 
lar to that of a relay. The actuating 
force is supplied by a coil wound 
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around an iron core. The core is not 
a single piece, continuous structure 
For example, in a rectangular core 
which is a common design, one side 
is hinged. The hinged part, or arma 
ture, moves in reaction to the rise or 
collapse of the magnetic field thread 
ing the coil. This movement is trans 
mitted to a set of contacts—in the case 
of a relay—or to a brake shoe. It is 
essential to know this simple descrip 
tion of brake design to understand 
the relative characteristics of a-c and 
d-c brakes. 

Noise—in the form of hum and 
chatter—is frequently associated with 
a-c solenoids. This noise is not in- 
herent, but is avoided only by careful 
design and quality control. A-c cores 
must be laminated to reduce eddy cur 
rents and the thin laminates tend to 
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Fig. 2—Schematic diagram for timing opera- 
tion of a rectifier brake. This timing control 
is furnished by the manufacturer as part of 
the rectifier assembly, such as that shown in 
The timing circuit is required to 


uce the current flowing in the magnet coil 
after relay armature has released the brake. 


Fig. 3—Plot showing the current fluctuations 
in the magnet coil of a rectifier brake. When 





for A-C Motors 


vibrate with the frequency of the ex- 
citating voltage. Hum may be traced, 
also, to “hysterisis noise” which is set 
up by the molecular structure of the 
iron. Chatter is caused by slight vibra- 
tions of the armature as the flux field 
varies from zero to maximum strength 
with each cycle of applied voltage. 

Such noises are no problem in d-c 
brakes. The applied voltage is uni- 
directional and the field does not vary 
in strength. The d-c core need not 
be laminated. 

A second advantage of the d-c brake 
is its higher electrical efficiency. It 
loes not draw as much holding current 
as does an a-c magnet of equal size, 
hence I?R losses are less. Furthermore, 
eddy current and hysterisis losses are 
present only in a-c electromagnets. Be- 
cause of the small magnitude of power 
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losses, d-c magnet is often rated at 
only 10 C temperature rise. 

Since under de-energized conditions 
there is an airgap between the armature 
and the rest of the core, the imped- 
ance of the a-c coil is low. This re- 
sults in a high inrush current. But 
ifter the armature moves to close the 
airgap, the coil impedance rises and 
the holding current drops to a lower 
value. This is explained by the fact 
that coil impedance is inversely pro- 
portional to the reluctance of the core 
And, the presence of an airgap in a 
magnetic circuit increases the reluct 
ance of that circuit. 

The high inrush current results in 
fast closing of the armature. This, of 
course, is desirable in some applica 
tions, but is accomplished by slamming 
noises that are unwanted in others. 
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the brake relay operates, a lower voltage is 
automatically impressed on the coil terminals. 


Also, the slamming shortens the life 
of the a-c brake assembly. 

A d-c magnet, on the other hand, 
is relatively unaffected by the imped 
ance changes described. Holding and 
inrush currents are substantially the 
same so that slamming does not occur 
However, to get extremely fast action 
in a d-c magnet, the coil must be de 
signed for high initial currents. These 
high currents do not decrease as in 
the a-c coil, but exist during the entire 
holding period Therefore, power 
consumption in a fast d-c brake may 
be considerably more than in an a- 
brake of equivalent speed 

Customarily, the a-c magnet coil is 
designed on the basis of its holding 
current. The coil cannot handle in 
rush currents continuously with de 
structive overheating. The latter can 
occur if the armature does not close 
for any reason after voltage is turned 
on. Then, impedance remains low 
allowing current to continue at a high 
value. This unsatisfactory condition 
cannot exist in a d-c magnet coil since 
current is about constant regardless of 
whether the armature is open or closed 
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Fig. 4—Another circuit for controlling the change of voltage on the d-c brake coil. 


Here, the switch-over is initiated by action of a limit switch in place of the timing 


relay used in Fig. 2. Fig. 5—Elementary 
Power can be taken from any two wires of system. 


brake into a-c motor circuit. 


Inrush Currents 


The windings of an a-c magnet coil 
require careful insulation and con- 
struction. The reason for this is ex- 
plained by considering the results of 
a shorted turn. If one turn is shorted 
out of an a-c coil, the remaining 
turns feed high currents into it by 
transformer action. This effect can 
cause dangerous overheating or, at 
least, a sizeable drop in efficiency. If 
one or several turns of a d-c coil are 
shorted, the result is a negligible in 
crease in coil current. No power is 
transmitted into the shorted turns 


Description of Brake 


The complete rectifier brake con- 
sists of a rectifier unit and a d-« 
electromagnetic brake assembly. One 
type of commercially available brake 
is pictured in Fig. 1. The components 
of the rectifier circuit are enclosed in 
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wiring diagram for connecting rectifier 


1 separate cabinet. The rectifier as- 
sembly can also be supplied for inclu- 
sion in the main control cabinet of 
the machine or equipment of which 
the brake is a part. 

Control schemes 
manufacturer. One scheme upon 
which there are a few variations is 
shown in Fig. 2. The operation may 
be summarized as follows. 

When power is applied relay CR is 
energized, which in turn energizes 
transformer. The dotted lines Y, and 
Y, indicate connections available for 
operation from a separate control 
source. The transformer secondary 
windings dre series connected and 
furnish 220 a-c volts to the rectifier. 

Upon initial power application, full 
secondary voltage is supplied to the 
rectifier input through the normally 
closed contacts of series relay CR. The 
full rectifier output of approximately 
190 v is then applied to the brake coil. 


vary with the 
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To obtain rapid brake action, a | 
coil rated at 70 v on continuous 0; 
tion is employed. The relatively | 
voltage is temporarily placed a 
the coil to result in greatly acceler 
build-up of coil current compare: 
the build-up at rated voltage. Fa 
brake action results. 

As the coil current builds up 
reaches a value that is sufficient 
operate the brake armature, relea 
the spring-set brake. Further incr: 
in current energizes the brake r 
SK sufhciently for operation. W 
the normally closed SR contact op: 
resistance RH is inserted between 
110 v center tap of the secondary 
the rectifier input. The reduced 
voltage and the insertion of series 
sistance lowers the rectifier input v: 
age, but permits sufficient current 
flow to safely hold the brake in the 
energized (release) position. 

The actual value of holding curr 
at normal voltage has been set at 
percent of brake magnet drop-out « 
rent at normal torque setting. The 
corresponding brake coil voltage at this 
current value is 25 to 30 v, depending 
upon brake size. This low value of 
holding voltage not only keeps magnet 
heating ai a minimum, but also insu: 
fast setting of the brake by minimizing 
the energy to be dissipated when 
brake magnet is de-energized. 

The current input to a brake coil 
is plotted against time in Fig. 3. Note 
that there is a slight current drop 
when the brake armature seals. This 
is the point at wnich the impedan 
of the coil rises because the core air 
gap has closed. Now, impedance has 
no effect on steady state d-c power 
but it does resist flow somewhat when 
the current value is rising (transient 
conditions). 

An abrupt drop in current value 
occurs when the brake relay operates, 
cutting the coil voltage to a lower 
value. In the system described, the 
brake set time is around 2 second 
Release time varies from } second to 
one second, depending upon the siz 
of the brake. Larger brakes have 
longer release time. 

In a second scheme, illustrated 
Fig. 4, a limit switch is mounted or 
the brake coil case. The rectifier unit 
is mounted separately from the bral 
in a ventilated cabinet. 

When the main contactor is close 
the coil of contactor BR is energize 
completing the d-c circuit from tl 
rectifier. This causes activation of tl 
brake coil. During the starting perio 
a limit switch mounted on the brak 
short circuits the holding resistance 
Thus, when the motor is started, fu 
voltage is applied across the brake coi 
immediately releasing the brake shoe 
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n the brake plunger reaches the 
m of its stroke, it mechanically 
s the contacts of the brake limit 
h. This action inserts resistance 
.e circuit and lowers the current 
gh the brake coil to a safe operat- 
value. Opening the main contac- 
automatically causes the brake to 
wy de-energizing relay BR. This 
1s the brake coil circuit, allowing 
ig action to shift the armature. 


Application 


[he rectifier-operated brake may be 
perated by single phase power ob- 
ined directly from two motor ter 
ils as shown in Fig. 5. Thus, the 
ike is released when power is ap- 
d to the motor, and set when the 
motor is shut down. As an alterna- 
tive, the brake relay can be connected 
to a control source. Then, when the 
motor contactor is energized, the brake 
is released 

Naturally, brake operating time 
must be considered. This is particu- 
larly true when the brake is used with 
an across-the-line motor. This is be- 
cause the motor is stalled under full 
power while the brake is being re- 
leased. This results in extra heat being 
developed in the motor windings. 
Consequently, the rectifier operated 
brake should not be applied when this 
type of motor is to be frequently 
started, unless a time delay device or 
an additional series relay with nor- 
mally-open contacts in the brake coil 
ircuit is used. In this way, the con- 
trol can be made to energize the motor 
at the exact time of brake release. 

This does not apply to slip ring 
motors with external resistors for 
speed control. In this type of motor, 
the added resistance is in the circuit 
on the accelerating positions of the 
controller. Since starting current is 
limited, negligible extra heat is devel- 
oped while the brake is being re- 
leased 

Brake release time for one manufac- 
turer’s product varies from approxi- 
mately 4 second on a 10 in. brake to 
less than one second on a 26 in. brake. 
It takes less than 0.2 sec for either 
brake to set. 

Initial energization power input for 
the same 10 in. brake is approximately 
800 volt-amperes. while for the larger 
size brake 1,250 v-a are required. 
Holding values are considerably less, 
eing 185 v-a for the smaller brake, 
ind 290 v-a for the larger. 


Specific Uses 


Most brakes used with rectifier 
nits are spring-set and magnetically 
released. The brake and rectifier units 
tay be employed on cranes, hoists, 
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Fig. 6—Control circuit for wire spooling machine. 


braking arrangement during jogging. 


This circuit has an interesting 


By means of a timing relay, the brake coil is 
kept energized during intermittent pressing of the jog button 


This makes for faster 


action and reduces wear on the brake lining and mechanism 


turntables, conveyors, and other types 
of rotating machinery. 

One application of a rectifier brake 
is on a wire block and spooler. These 
two distinct machines which in com- 
bination first draw wire down to suc- 
cessively smaller diameters through a 
series of dies, and then automatically 
wind the finished product on spools. 
Between each of the dies is a driven 
spindle, around which the wire is 
wrapped to provide the tension needed 
to pull the wire from the previous die 
After the wire is drawn through the 
last die, it is wrapped around the end 
spindle of the wire drawing machine. 
From the wire drawing machine, the 
wire is fed through a storage system 
into the spooler machine for the final 
spooling operation. 

In Fig. 6 is shown a typical brake 
citcuit for the main motor in this 
application. When the jog button is 
depressed, coils JR and BR are ener- 
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gized. Relay JR has contacts in the main 
motor circuit to start the motor. At 
the same time, the BR contact in the 
brake circuit energizes the brake coil, 
causing the brake to open. Releasing 
the jog button opens the BR circuit, 
causing the brake to set once the BRT 
relay has timed out. This opens the 
JR coil circuit, cutting off power to 
the motor 

In most cases, the machine is jogged 
only during the set-up operation. For 
short jogging operations, the brake 
need not set since the speed does not 
build up appreciably and the friction 
load is enough to stop the machine 
quickly. Accordingly there is no need 
to cause additional brake wear by 
making the brake set on a moving 
shaft. The brake is held open through 
the BR holding contact and the closed 
contact of the BRT timing relay. For 
longer jogging operations where the 
speed builds up appreciably, stopping 
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Application of the rectifier brake to a conveyor drive motor. 
is unusual in that a separate contactor is used for the rectifier brake. 





To a-¢ power source To o-¢ power sources 
Emergency Stort i 
stop FER Stop jo SOL 
] 
SM 
aC 
Stort 
SM F2A {fest} FIOL ~F20t 
4 
y oo } 
FIA 
(inst) 50 
F2A 
ae oo - 
Lis Le, 
Lwisheel (B)-Controt circuit 


This circuit 
Thus, either 


motor can be removed from the system without disturbing operation of the other. 


is accomplished when the jog button is 
released by friction load plus brake 
action. In the BRT closed 
comtact opens, causing the brake to 
set immed: ately after the jog switch is 
released 

When the run 
lay BR is 


opens 


this case, 


button is pressed, re 
energized and the brake 
In this case, the con- 
tacts of relay RR energize the main 
motor. Relay BRT cannot start tim- 


is before 
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ing out since its coil is opened through 
the normally closed contact on relay 
RR. Accordingly, after the initial en- 
ergization by the run button, the relay 
BR is held closed through the BR and 
BRT contacts. 

To stop the mechanism, the stop 
button is pressed opening contacts RR 
and allowing relay BRT to time relay 
BR out of the circuit, thus permitting 
a delay in application of the brake. 
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The delay in stopping the main : 

is required on run since stopping 
drive must be delayed until the 

inertia spooler is stopped, other 
snapping of the wire would result 
jogging, however, a quick stop is 

missible. The reason for this is 

in jogging the operator is gener 
threading the wire through the « 
the spooler is not connected and 
speed is not great. 

The need for a brake capabl« 
highly repetitive operation with 
maintenance expense was appar 
here, and a rectifier brake was sele 
for this application. 


Conveyor Drive 


Rugged construction is required 
a screening machine used to separ 
coke into various grades. The co 
veyor drives for this machines are su! 
ject to considerable vibration and oper 
ates in extremely dusty atmosphe: 
Rectifier brakes were selected sir 
they are less susceptible to service d 
ficulties 

The circuits for the conveyor dr 
motors are shown in Fig. 7. Two 
motors are employed on each conveyor 
one for fast speed and the second for 
lower rates Taine travel. 

The power circuit depicted is some 
what unusual in that a separate starter 
for the brake is employed. This allow 
for greater maintenance flexibility 
since either motor can be detached 
from the line for maintenance pur 
poses. Note that in this case one brak« 
is used for two motors, because bot 
motors are mounted on the same shaft 

The control circuit is fairly simpk 
Pressing the Start (slow) button en 
ergizes coil SBR. A contact on SBR 
closes the brake contactor coil circuit 
(BC), and release the brake. A con 
tact on BC energizes SM and the slow 
speed motor starts. 

When a faster speed is required 
the stop button must be depresse: 
Pressing the Start (fast) button ene: 
gizes FBR which also has a contact i 
the BC coil circuit to release tl 
brake. F1A is energized and the mot 
starts on reduced voltage. Timing r 
lay (T) times out and energizes F2A 
while opening F1A thus applying fu 
voltage to the motor. 

Depressing the stop button oper 
FBR and F2A causing the brake to set 
and the motor circuit to be opened 
Note that when switching from slov 
to fast an interlock on FBR opens th 
SBR circuit which in turn cuts off tl 
power to the slow speed motor. 17 
get back to slow speed, the stop bi 
ton must first be depressed. Note th 
automatic electric braking eliminat: 
another operator responsibility. 
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Operation: Grinding OO of Rod 


Streamlining Production Drawings 


To save production time and also eliminate costly 
errors that result from misreading blueprints, Electrol, 
Inc. has obsoleted the conventional method of making 
production drawings. Instead of crowding on a single 
sheet all the dimensions and other data required to 
machine and otherwise produce a specific part, a separate 
drawing is made for each operation. Only the informa- 
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tion necessary to perform that particular operation is 
given on its corresponding blueprint. 

Shown above are typical examples of these modified 
drawings. These four represent about one-third of the 
drawings, and the respective operations, required to 
produce a hydraulic piston. The designated departments 
and notes at left also appear on the drawings. 
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Fig. 1—Nine different acoustic materials help deaden the noise in the 1952 Ford: 1 lb asphalted felt (roof); 2 Ib asphalted felt (side 
cowls); 4 lb asphalted felt (floors, dash); cut-back spray-on deadener (doors, rear quarter-panel); water emulsion spray-on deadener 
(wheel wells); one-inch, half-pound fiberglass (roof, dash); 27 oz jute (front floor); 40 oz jute (front toe-board) and rubber mat 


Reducing Product Noise With 


Acoustic Materials 


NOISE IS ANY SOUND that is objection- 
able at a particular time and place, 
and noise level or loudness is not the 
only criterion. Psychological studies 
show that certain kinds of noises are 
more objectionable than others. For 
instance, the most objectionable noise 
to the human ear is a high frequency 
sound above 500 cps. And when a 
high frequency sound is heard in com- 
bination with a low, the low masks out 
the high so that it is often missed in 
the first study. But even though appar 
ently unheard, the high frequency 
sound is a source of irritation. If only 
the low frequency sound is treated 
when this condition exists, the acous- 
tically treated product may 
noisier than the original 
Erratic noise is harder to tolerate 
than a rhythmic sound of the same 
pitch and loudness. Pulsed noises like 
repitative hammering are more irri- 
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Cut-bock / 
Spray-on 
deadener 


tating than a steady noise of the same 
average amplitude; even if the pulsing 
is rhythmic. 

The best way to get rid of noise in 
a product is to design it out at the 
source of excitation. But where re- 
design for acoustic improvement is 
not practical, designers can often re- 
duce noise to a tolerable level by the 
proper use of acoustic materials. 

Using Acoustic Materials 

Noise reduction with acoustic ma- 
terials is still done on a trial and error 
basis, and a good treatment is usually 
the result of several minor improve- 
ments. The effectiveness of an acoustic 
material depends not only on its inher- 
ent sound reducing properties but also 
on how and where it is placed. In gen 
ral, designers follow this plan: (1) 
use absorbers to reduce the noise with- 
in a compartment; (2) use insulators 
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to prevent noise from moving from one 
compartment to another; (3) use iso 
lators to prevent the conduction of vi 
brations; (4) use deadeners to reduce 
the singing or drumming of large pan 
els. 

Absorbers are materials that reduce 
the sound already in a chamber by pre 
venting its reflection. They convert 
sound energy to heat to reduce the 
noise level inside a compartment whic 
permitting the transmission of some 
sound, Conversion may occur in two 
ways: dissipation of sound by friction 
forces, or transformation of sound 
into heat by viscous forces brought into 
play when sound is propagated through 
the materials. 

Insulators are mechanical barriers 
that block the pressure changes that 
make up the sound waves, and thei 
main purpose is to prevent noise from 
leaving a chamber. They do not re 
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the internal noise level by any 
nreciable amount 
Resilient isolators get rid of noise 
ere vibrating parts join a structure. 
ey prevent the structure from acting 
a sounding board, and may work in 
her of two ways: by absorbing the 
yrational energy through deflection 
the isolator, or by converting the 
ergy into heat through internal fric- 
n of the material without deflection. 
Drumming or singing of large un- 
pported panels that are loosely 
supled is reduced by sound deadeners 
Teemenens, that add friction to the 
scillating circuit and break up natural 
ibration frequencies. However dead 
ners will not work on panels that are 
inder forced excitation. They will 
not replace good vibration insulation 
nor will they cure rumble due to poor 
design. The latter can be corrected 
only by proper bracing 


Absorbers 
A 


Absorbers are widely used acoustic 
materials because they are efficient 
at reducing objectionable high fre- 
quency noises. And commercial sup- 
pliers make a large variety of absorb- 
ing materials that can be applied to 
any kind of product. They are usually 
loose fibrous materials so that sound 
waves cause these light fibers to move 
and rub against each other and the fric- 
tion of rubbing changes the sound 
into heat. As a result the sound is 
dissipated instead of being reflected. 

A large number of substances and 
combinations of ingredients have suc- 
cessfully been used as absorbers. T hese 
include: vegetable fibers like wood, 
jute, bogasse, and cotton; hair felt; 
mineral fibers such as asbestos, glass, 
and mineral wool; and aggregates like 
pumice, vermiculite and perlite. The 
bonding agent used with these materi- 
als also affects sound absorption and 
foaming agents are often added to in 
crease porosity 

These materials are available in sev- 
eral forms: (1) prefabricated materi- 
als, (2) plasters, and (3) sprayed-on 
materials, Selection depends on cost, 
appearance, maintenance, service con- 
ditions, and method of appiication. 

The last item is important because 
how the absorber is affixed to the prod- 
uct affects the amount of sound ab- 
sorption. These methods are generally 
used: absorbers may be cemented di- 
rectly to the product; they may be 
nailed; or they may be sprayed on. 

Acoustic adhesives made especially 
for cementing sheets of absorbing ma- 
terial are available. In addition, the 
same cements used with heat insula 
tion can be used with acoustic absorb- 
ers. These are particularly useful when 
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Fig. 2—Ford Motor Company’s Engineering Staff developed this 225 lb “listening” 


mechanism for acoustic studies, Ford test engineers mount mechanism in rear seat of 
automobile and suspended microphone (center) picks up all noises entering cir’s in 
terior. Tape recording instruments gives permanent record of any noise as a check 
report on continuing improvements. Engineers ride thousands of miles yearly, on 


all types of roads, in order to get complete “noise record” of modern automobile 


the absorbing material is subjected to Airspa ul set up by nailing 
temperatures above 200 F. The acou sheets of the absorber to structural 
tic cement must meet the same servic« member Th onstrains the material 
requirements as the absorbing material. at s po han at others so 
For example, it may have to be fire- that sound w et the absorber into 
proof, have a certain vapor pressur« flex hat a lamy 

be vermin-proof, etc. While this is a y frictior ween the fiber Fi 
common method of affixing absorbers rous materials like felted asbestos 
cements should not be used on a su! wood and glass fibers exhibit this addi 
face that sweats. Also there is one tional sound absorbing properly which 
acoustic objection to this technig is called diaphragmatic absorption 

When an absorber is cemented to a Asbestos and mineral wool materials 
product there is no airspace left be- can be applied to a product by spray 
hind it. Measurements show that the ing the shredded fiber, with a suitabl 
absorbing qualities of an installation binder, directly on the surfaces to be 
are improved if such an air space is acoustically treated. After spraying 
present. This is particularly true when the material is rolled or tampered to a 
absoibing low frequency noises smoot! rfa The absorbing quali 
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Fig. 3—Schematic diagram illustrates how an insulator and absorber work. The insula- 


tor reflects the greater 


of the sound energy; while the absorber converts most 


of the sound energy into heat. Fig. 4—Typical absorption curves for spun glass indicate 
the effect of increasing absorber thickness. Curves 


ties of sprayed-on materials depend 

on the porosity and thickness of the 

coat 
Main 


acoustic 


disadvantage of spraying 
materials is their structural 
weakness when — too loosely or 
with insufficient binder. Also, vibra- 
tions may shake the fibers loose. How 
ever, they are used widely where ap- 
pearance is an important factor because 
they « can be painted repeatedly with a 
ater base paint without losing much 
»f their sound absorbing properties. 
Acoustic plasters are used when a 
broad area requires acoustic treatment. 
However, plasters must be applied by 
expert craftsmen to obtain rated sound 
absorption coefficients. The mix pro 
portions and the recommended mixing 
time must be adhered to strictly; the 
surface requires stipling to prevent a 
glazing which disrupts their ability to 
absorb noise; and the surface texture 
must be produced at the correct time 
and to the exact degree 
High temperature areas can be 
treated with ordinary acoustic absorb- 
ers providing they are protected from 
the heat by layers of heat insulating 
materials. These materials act as a 
thermal break, but because of their 
fibrous construction also help absorb 
the noise 
Since their 
reflection, the 
as much of the 
as possible 


purpose is to prevent 
absorber should cover 
chamber’s surface area 
Any uncovered area will 
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bounce the sound back and forth and 
diminish the effectiveness of the acous- 
tic treatment. Noise reduction can be 
increased by increasing the thickness 
of the absorber, Fig. 4. However, even 
a thick absorber covering only a small 
amount of surface area will have little 
or no beneficial effect. 

Sound reduction properties of ab 
sorbers can be compared in a room 
that is free of disturbing noises. To 
make the test, the reverberation time 
of the room is first measured. This is 
the time required for a sound of a 
known level to reach a specified lower 
level. The absorbing material is then 
placed around the room and a new re- 
verberation time is measured. The 
shorter the reverberation time, the bet- 
ter is the material as an acoustic ab- 
sorber. The construction industry is a 
big user of absorbing materials, some 
of which are slightly different than 
those described above. For example, 
some acoustic tile has many holes 
drilled in it to increase its absorption 
of sound waves. The sound, instead 
of being reflected back into a room, 
enters these holes and is reflected in- 
the hole until it is dissipated. 
Cloth drapes are another popular ab- 
sorber in this industry. 

Most economical treatment usually 
makes the absorber perform more than 
its sound reducing job. In automo- 
tive design, car upholstery has an 
accoustic and appearance function. 


side 


Curves also show absorbers’ ability to 


Insulators 


Although often confused w 
acoustic absorbers, insulators perfo: 
an entirely different function. The 
contain noise 
reducing the internal noise level app: 
ciably. 

As mechanical barriers, insulati 
materials are dense, massive and 
pervious to air. They must also 
stiff so they do not act as diaphrag: 
and set up secondary noises. In get 


eral the heavier a material is the bet 


ter an insulator it is. Since they 


y 


in a chamber without 


as a bar to the passage of sound 


waves, any Opening in an 


insulator 


drastically reduces its effectiveness and 


Openings are the chief problems 
using these materials. If the desig 
requires an opening for wires, pipit 
or ducts 
the opening to maintain the insulati 
effect, and an acoustic filter should | 
placed in ducts and large pipes. 

Materials used as acoustic insulato 
include: steel, wood, thick rubb 
mats, lead, linoleum, asphalt impres 
nated felts, and heavy dense fib 
paddings. Selection depends on: d 
gree of noise reduction desired, cos 
availability, ease of fabrication and it 
stallation, weight limitations, an 
service conditions. 

For example, lead is an excelle: 
acoustic insulator because of its det 
sity. But its weight, and lack of stru: 


a seal should be used around 
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deaden high frequency sounds. While increasing the thick- 
ness of the absorber improves noise reduction, economic 
aod production factors may limit the thickness that can be 
used in a specific application. Fig. 5—Results of Sound 


tural strength limits its use. In an 
automobile, a heavy steel insulator be- 
tween the engine compartment and 
the car interior would make for quieter 
riding by keeping engine noises out 
of the car. But the cost, weight, instal- 
lation and heat transfer problems make 
it impractical when compared to a 
material like asphalt-impregnated felts. 

Gear boxes are a source of noise 
that are particularly well suited fo, 
treatment with insulators. Since 
many of these are already enclosed by 
metal for safety reasons, it is easy to 
reduce gear noise by increasing the 
thickness of the enclosure and sealing 
around shaft openings. 

For reasons of economy and weight 
saving, designers often combine layers 
of insulating materials. Two such 
popular laminations are steel or alumi- 
num lined with linoleum, and alter- 
nate layers of asphalt impregnated 
felts and fiber pads. Usually, as long 
as the lamination is impervious to air, 
t will have some beneficial effect as 
an insulator. 

Studies in a sound test tunnel wili 
produce data for comparing insulating 
materials by measuring the transmis- 
sion loss through them. The tunnel 
is a rectangular wooden box that is 
lined with absorbing material; one 
end is open and has a loudspeaker 
facing out of the box. The insulator 
to be tested is placed against the loud- 
speaker so that it seals the tunnel. 
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Sounds of a measured intensity and 
varying frequency are played through 
the loudspeaker and picked up by a 
microphone, after they h. ve passed 
through the insulator. They feed into 
a sound analyzer, a sound level meter 
and a Brush recorder to produce a 
graph of a | versus frequency 
(Fig 5). This indicates the transmis- 
sion loss in decibels, the difference 
between the sound level at the source 
and the level outside the insulator. A 
good insulator has a big transmission 
loss over a wide range of frequency. 

Usually the first step in attacking 
a noise problem is to try to isolate the 
noise with an insulator, or to reduce 
the noise level with absorbers. So 
absorbers and insulators are some 
times used interchangeably with un- 
satisfactory results. The designer can 
avoid this by remembering that in- 
sulators do not reduce the internal 
noise level appreciably; but they do 
cut down the transmission of sound. 
Absorbers do reduce internal levels; 
but they transmit an appreciable 
amount of the noise outside the com- 
partment. 

Absorbers can be used in combina- 
tion with insulators to increase the 
effect of a limited amount of absorb- 
ing material. In this case, the cbsorber 
is backed up with a good insulator 
which reflects the noise back through 
the absorber. This gives the effect of 
twice the thickness of absorber and at 


1952 





Ford Motor Company 


Transmission Tests in sound tunnel indicate comparatuve 
value of these materials as acoustic insulators, The dense 
(1.11 lb/ft’) asphalt felt is the best insulator of these four 
materials. Response indicates noise level after insulator. 


the same time reduces the intensity ot 
the noise being transmitted outside 
the compartment 


Also 


and ab 


sorbers are confused with 
thermal and absorbers, 
primarily because of a carryover of 
nomenclature. It is common to recom 
mend and advertise a material as a 
good “thermal and acoustic insulator.” 
What is meant is that the material is 
a good thermal insulator and a good 
acoustic absorber. Because of their 
porous fibrous composition sound al 
sorbers make good heat insulators and 
the two can be used interchangeably 
but sound insulators make poor heat 
insulators 


acoustic insulators 


often 
insulators 


Isolators 


il de 


i solate rf 


In general, the more a materi: 
flects, the better an acoustic 
it is. Materials commonly used ar 
springs (for light members), felt 
natural or synthetic rubber and n¢ 
prene. They are placed as close 
the source of vibration as possible 

However, the use of these materials 
does not guarantee a good isolation 
job. The machine must be designed 
so that the isolators are not bypassed 
and vibrations transmitted through 
other members that are rigidly con 
nected to the vibrating part. Isolators 
with incorrect properties provide no 
benefit or make the noise worse. 

Isolators have other important jobs 
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Table I 


Sound Reduction Specifications for a Typical Insulator 


CPS 100 200 400 600 800 1000 2000 3000 


Loss Factor Decibels 90 93 ‘ . x) ¥ 73 7? 


Table I 


Specifications for a Typical High Efficiency Fluid Dampener 


1. Vibration decay—Using the Geiger thick plate method, over a range of 60 


decibels, the decay time shall be no greater than 60 seconds over a temperature range 


t from 30 to 90 F for a surface density of 0.5 lb per sq ft dry weight. 


2. Cold Adhesion—85 percent 


retention 


3. Sprayability—Shall be suitable for use with commercial applicators, and produce 
a uniform coating with a minimum spray back of sand or other solid particles. Flow 


rate shall be one quart per minute. 


4. Sag 


% in. maximum at 0.5 lb per sq ft. 


5. Settling—The material shall not settle or separate out within a period of 30 days 
6. Chemical Resistance—The material shall be impervious to cleaning and other 
solutions encountered in usual manufacturing. 


Specifications cover a mastic type deadener composed of Asphalt Clay, 


Limestone resin and solvent. 


Asbestos, 


Fig. 6—Mastic sound deadener sprayed on the panels of this home air conditioning 
unit prevent the panels from acting as a sounding board for fan vibrations. 


in addition to noise reduction and 
their design and functioning has been 
covered extensively in previous arti 
cles (PRopucT ENGINEERING: April 
‘49, p 86, Feb. ‘50, p 104, Dec. ‘50, 
p 130, Dec. '50, p 167) 


Deadeners 


Two kinds of deadeners are used 
solid materials—like waffled felt, jute, 
sheet mica and sheet lead—cemented 
to the panel, and mastic coatings ap 
plied to the panel. 

Because of their easy application, 
mastics are being used more exten- 
sively. They can be sprayed, rolled, 
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troweled, flowed or brushed on. Basi 
cally they may be considered as sand 
particles suspended in tar and there 
are two types: emulsion and cutback. 
The emulsion mastic uses water as a 
solvent while the cutback uses an 
inflammable solution. The latter has 
better stability, adhesion and will not 
freeze. But the emulsion type is neces- 
sary in applications where a fire haz- 
ard prevents the use of inflammable 
materials. Table II lists typical speci- 
fications for a high efficiency damp- 
ener. 

Panels that are dampened by mastic 
coatings require no special pre-treat- 


have 

applicatio 
coatings have to be baked for 
hours at 275 F max 
dampening 

Tests on dampened panels* 
that there is a limit to what dea 
can do. After a certain area o 
offending panel is treated, addit 
deadener produces no appre 
benefit. Therefore tests in the pr 
define how much deadener to use 
no more is than is abso] 
necessary. 

The Geiger plate test (conduct 
an ordinary room), is used to com 
relative deadening values of n 
coatings. A standard steel plate, 
has been coated with the mastic ir 
cordance with test specifications, i 
brated at a fixed frequency. A vi 
tion pickup and timer measure the t 
required for the plate to reach a 
cified reduced amplitude of vibrat 
after the oscillation er~itation has | 
removed. Shorter times mean better 
dampeners. 


ment. They don't 
clean. However, after 


even 


to obtain 


use d 


Test Equipment 


Because the human ear is an 
liable device for comparing sounds 
struments are used for all meas 
ments. For instance, the Ford Mot 
Company engineers record car noise 
with a tape recorder under identical 
conditions before and after acousti 
treatment. They play back the tapes in 
the laboratory and make measurements 
to verify the improvement. 

The basic instrument for this meas 
urement is the sound level meter which 
measures the intensity of sound in de 
cibels, a logarithmic ratio of that sound 
to an arbitrarily selected sound. This 
device is a must in acoustic work. 


Table IlI—Equipment for 
Acoustic Testing 





MINIMUM EQUIPMENT 


. Sound level meter 
Sound Analyzer 

. Stroboscope 

. Stethoscope 


FOR THE COMPLETE LABORATORY 


. High Fidelity magnetic recorder 
. High Speed level Recorder 

. Vibration analyzer 

. Fastox Camera 

. Good loudspeaker 


MORE ELABORATE 


Vibration meter 

Sound level Response Recorder 
. Cathode Ray Oscillograph 
Magnetic Recorder 

Beat Frequency Oscillator 
High Quality Microphone 

. Audio Amplifiers 

. Electronic Voltmeters 


EQUIPMENT 


CNIAWP wn 
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Basic Considerations 
Cost of equipment 

Event duration 

Types of photographic record 
Determination of repetition rate 
Choice of exposure duration 
Establishment of time scale 


High Speed Cameras 
Basic operation 
Characteristics of major types 


Typical Fields of Application 
Knock in piston engine 

Atomization for spray drying 
Vibration in structures 

Fluid flow through impeller 


PRODUCT ENGINEERING 
September 1952 











’ 
A 










; 





ii 
“alle 
iil 


| 


an event 
ited duration—a rapid, in- 
herent change with time. 
NAVAL Research LABORATOR 
(Inwitn & Havver) 

GULF R&SEARCH AND 

* DEVeLOPMENT CoMPANY 
(Foor) 


What Is It? 


When used to observe and record 
simultaneously dynamic phenomena, 
high-speed photography is a versa- 
tile and valuable tool. It not only 
offers the designer all of the advan- 
tages generally associated with or- 
dinary stills and moving pictvres, 
but it also puts at his disposal a 
means for actually studying mo- 
tions and events that until recently 
have never been “stopped” or slowed 
down to perceptible speeds. This is 
particularly true of transient or 
nonreproducible phenomena. 

Of great importance in dynamic 
experiments is the fact that photog- 
raphy of a moving part does not 
alter its mass, nor affect the forces 
acting upon it, and thus does not 
influence its motion under the ac- 
tion of accelerating forces. The 
camera has no intelligence, hence 
conclusions derived from informa- 
tion so obtained depend only upon 
the experimenter himself and are 
not “colored” by observations of an 
intermediate human observer. 

High-speed photogrephy offers a 
powerful method of research and 
development, able to cope with rapid 
physica] changes of which there are 
four basic types: (1) linear motion, 
such as a rocket in flight; (2) rota- 
tional motion, like a revolving gear; 

3) growth or shrinkage of an ob- 
ject, such as the deformation of an 
aircraft tire under the impact of 
landing; and (4) homogeneous 
changes throughout an object, as in 
the autoignition of a homogeneous 
mixture of combustible gas and air 
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while being compressed. 

Data obtained with a high-speed 
camera are both quantitative and 
qualitative: quantitative when 
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purpose is to determine the exact 
velocity of a motion already known 
to occur; qualitative when the aim is 
to discover changes or motions not 
already recognized. The results of 
qualitative photography are often 
of great value in that they may 
lead to quantitative evaluation after 
motions or changes are revealed. 

High-speed photography is a 
means for arresting or retarding 
the motions of rapid events so that 
they can be understood and an- 
alyzed. The results are an expansion 
in the time base or time magnifica- 
tion relative to other factors in- 
volved in the event. Time magnifi- 
cation is equal to the rate at which 
motion-picture frames are exposed 
divided by the rate at which they 
are later projected. Time magnifica- 
tion is the opposite of the effect pro- 
duced by the “time-lapse” photo- 
graphic technique, wherein a series 
of pictures is exposed with long 
time intervals between frames. Hefe 
the result is a compression of the 
time scale and an apparent speed-up 
of the event upon projection. 

The term “high-speed photogra- 
phy” therefore includes the taking 
of pictures with short exposure dur- 
ations, as well as at high rates of 
repetition. The term is usually ap- 
plied only when the exposure dura- 
tion is less than one millisecond. 


What Does High-Speed 
Photography Cost? 


The cost of high-speed photogra- 
phy is largely determined by the 
number of frames required in one 
“burst”, the shortness of exposure 
desired, and the required repetition 
rate or number of frames exposed 
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per second. A fourth factor that 
fluences overall cost is the complex 
ity of the phenomenon under st 

The principal expense item is ap- 
paratus. Equipment for single high- 
speed frames may cost from $50 t 
$5,000, whereas equipment for larg: 
numbers of images at high repeti- 
tion rates may cost $1,000 to $100 
000. The simpler, commercially 
available, high-speed motion-picturt 
cameras and accessory equipment 
such as lights, stands, speed « 
trols, and lenses may require an 
itial investment of $2,000 to $8,000 
On the other hand, operational costs 
for film, processing and printing 
average about $10 per run. 

The repetition rates needed in the 
solution of many practical problems 
sometimes exceed those attainable 
with high-speed cameras commer- 
cially available. Since equipment 
costs for producing such repetitio: 
rates 


facilities at centralized research 


and development laboratories can be 


engaged at a reasonable cost. 


Who Should Take 
High-Speed Photographs? 


In many instances, personnel 
the photographic department in a! 


industrial plant or research labora- 


tory can take high-speed phot 
graphs satisfactorily. But as the 


complexity of a problem increases, 


the project engineer is consulted 
In recent years, as the appli 

tions of scientific photography ha‘ 

become more widespread, a ne 


member of the research team has 


come into being: the specialist 
photographic instrumentation. H 
should have the scientific bac! 
ground necessary both to unde 
stand the uses and limitations 
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photographic instrumentation, and 
to comprehend the nature of the 
phy-ical problem. 


Where Can the Product 
Engineer Learn More About 
High-Speed Photography? 

Most of the published data are in 
the scientific and technical periodi- 
cals, particularly the Journal of the 
Society of Motion Picture and Tele- 


vision Engineers; Section B, Photo- 
graphic Technique and Science, 
Photographic Society of America 
Journal; Photographic Engineer- 
ing, the journal of the Society of 
Photographic Engineers; Section B, 
Journal of the Royal Photographic 
Society of Great Britain; and the 
French digest publication, Sciences 
et Industries Photographiques. Ad- 
ditional data appear from time to 


Basic Considerations 


Translational speeds for common 
events covering the entire range 
from one fps up to the speed of 
light are shown in Table I. In ob- 
serving events, whether they are of 
extended or limited duration, Fig. 
1, the need for time magnification 
by high-speed photography and the 
degree of the needed time magnifi- 
cation are determined by three ele- 
ments: (1) The distance through 
which the motion of the object can 
be observed at a velocity constant 
in both magnitude and direction, 
(2) the speed of the object, and (3) 
the dimensions of the object. 

The degree of the needed time 
magnification varies inversely with 
the distance through which the 
movement can be observed, and di- 
rectly with the speed of the move- 
ment. Unavoidable limitations of 
the distance through which a move- 
ment can be observed may be the 
fact that the motion continues in 
one direction through only a short 
distance, or that the position of the 
observer is close to the path of the 
moving object. The latter condition 
causes the movement to become 
nearly parallel with the line of sight 
within a very short time interval. 

Small dimensions of the moving 
object limit the distance at which 
the movement can be observed. They 
can, therefore, be an indirect ob- 
stacle to visual observation when 
the first two limiting elements are 
not inherently too serious. Small di- 
mensions may require repetition 
rates in excess of those dictated by 
a desired time magnification, in or- 
der that “jumping” of the object 
on the projection screen can be 
avoided. Also small dimensions of 
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moving objects necessitate expo- 
sures of short duration. 

The slowest of the events in 
Table I, the turning of cast iron in 
a lathe, cannot be studied easily by 
eye. Though the speed of one foot 
per second is low, accurate observa- 
tion is limited by the small dimen- 
sions of the chips, and the shortness 
of the distance through which the 


time in many of the scientific and 
technical journals throughout the 
world. The Soci ety of Motion Pic- 
ture and Television Engineers and 
the Society of Photographic Engi- 
neers conduct semiannual or annual 
symposia on high-speed photogra- 
phy and related subjects. The few 
available books on this subject are 
listed in the Bibliography at the 
end of this article 


chips move with constant speed and 
direction. The same considerations 
prevent visual observation and 
study of most of the other events 
in the lower ranges of velocity 
shown in Table I. Motion of the au- 
tomobile at 44 ft per second, how- 
ever, can be clearly observed by a 
man standing at an appreciabk dis- 
tance from the road. Moreover, the 
movement of stars through space at 
speeds of 10° ft per sec are much too 
slow to observe by eye. This motion 


Table i—Velocity Scale 
for Common Events of Extended Duration 





EVENT 





Approximate | Order of 
velocity, velocity, 
ft per sec | ft per sec 





ee OR an Sesh ent Sen be lathe 1 1 
Roughing cut on soft — in lathe.. K 
Drawing of fine copper 17 | 
Surface movement ot ato toon internal. grinder. 35 | 10 
Automobile at 30 mph.............. 44 
Leather in power transmission 35-130 
Band saw cutting wood............... 130 | 
Surface movement of Bakelite grinding wheel... 150 
High-speed steel belting in power transmission . .| 300 10° 
Flame ee in combustion chamber of piston, Me | 

ach hard oi eels see Wee aSa ee Cas ns ohons 50- 
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Development of knock in spark-ignited piston engine. 4,5 

explosive......... é 

Leader stroke of lightning discharge. . . ; 
rate of fuse wire on violent overload eu 


Detonation of high 


Expansion 
Motion of earth around sun. . 
Movement of meteors in space . 


Movement of faster stars through space 


Orbital motion of electron in hydrogen atom. 


Main stroke of lightning 
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Electron after acceleration through 10,000 volts....| 100 
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can be determined only from photo- 
graphs taken at intervals of months 
or years, or spectroscopically if the 
motion is in the line of sight. This 
phenomenon is an extreme example 
of the advantages of a distant view- 
point, the great distance through 
which motion continues with con- 
stant speed and direction, and large 
dimensions of the moving object. 
The principle illustrated by this ex- 
ample is one having universal ap- 
plication in the determination of 
needed time magnification which 
plays such an important role in the 
photographic study of motion. 


Events of Limited Duration 


Some common events having fin- 
ite duration are listed in Table II. 
This list also shows the necessary 
repetition rates and the correspond- 
ing time magnifications to cause 
each event to have the same dura- 
tion on the projection screen. A 
time magnification of unity is as- 
sumed for the first event, and a 
projection rate of 24 frames per sec- 
ond for all events. A total of 2,400 
frames would be required in each 
case to provide a duration of 10° sec 
on projection. High-speed photo- 
graphs have been obtained of all 
these events, except possibly the 
electric spark in air. For the faster 
events, however, the repetition rates 
shown in the table have not been at- 


Table tt 


tained, nor has the 2,400-frame se- 
quence. 


Types of Photographic Records 


Techniques for exposing photo- 
graphs can be divided into two basic 
Image-forming photogra- 
phy relates to the reproduction of a 
visual scene in two dimensions, 
whereas non-image-forming pho- 
tography is a uni-dimensional rep- 
resentation of a variable, such as a 
recording of the electron beam on 
an oscilloscope screen. As in this 
case, time often appears as a sec- 
ond dimension in the photographic 
record. In non-image-forming pho- 
tography, a focused point of light 
may move while the film remains 
stationary, the film only may move, 
or both the focused point and the 
film may move. 

Under each of the two basic clas- 
sifications, photographic techniques 
can involve stills or single frames, 
and motion pictures or multiple 
frames, Under each of the four clas- 
sifications — image-forming stills 
and motion pictures, and non-im- 
age-forming stills and motion pic- 
tures—a further classification can 
be made as to single exposure per 
frame or multiple exposures per 
frame. However, multiple exposures 
per frame are only rarely produced 
in motion pictures. 

Each classification can be further 


classes: 


—Repetition Rates for 


Common Events of Limited Duration 


5 ; 





f | 





Time 
| Repetition _s magnification 
EVENT Duration | rate needed, when projected 
of event, frames | at 24 frames 
sec (per sec per sec 
Complete history of major 
blasting hate ie 10° 24x10 | 1 
Formation of a spray plume 
from under water explosion... . 10 2.4 x 10? 10 
of imcandescence of 
tungsten lamp............. +e 24x10 10° 
Burning of photoflash bulb 
filled with aluminum foil... . . | 107 2.4 x 10 10° 
Single rotation of flywheel . 
at 6.000 rpm.............. eo] «30% 24x10 | 10¢ 
Operation of fast camera shutter... 10~* 24x10 — 10° 
Detonation of an explosive charge. . 10~* 24x10’ | 10° 
Flash of xenon-filled tube......... 10° 2.4x 10° 10° 
Electric spark in air.............. 10-* 2.4 x 10° 108 
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broken down on the basis of + 
sure duration per frame, and 1 
tition rate or frames per se 
For both stills and motion pict 
exposures per frame from 10 
10° second have been reported 


High-Speed Motion Pictures 

The principal broad types 
equipment for exposing motion 
tures include intermittent, continu 
ously moving film, drum, spark 
electronic shutter and focal-p)ane 
scanning cameras. These cov: 
range of repetition rates up t 
frames per second. 


As the repetition rate increases, 
various difficulties and disadvan- 
tages are encountered. The appara- 
tus becomes more complex and ex- 
pensive. Resolution may be dimin- 
ished. The maximum: number 
frames that can be exposed de- 
creases, The maximum duration of 
the event that can be covered is re- 
duced. Projectability may be im- 
paired. The camera designer must 
strive to avoid all these disadvan- 
tages, and others, to the maximum 
extent possible. The degree of exce!- 
lence of the compromise, between 
these qualities and the repetition 
rate, largely measures the value of 
any high-speed photographic equip- 
ment. The value of such equipment 
cannot be measured in terms of at 
tainable repetition rate alone 


Repetition Rate and 
Duration of Exposure per Frame 


The design engineer who wishes 
to utilize high-speed photography 
will be concerned at the outset with 
two equally important parameters: 
Repetition rate and duration of « 
posure per frame. When exposure 
durations per frame are adjustable 
independently of repetition rate, th« 
repetition rate is governed princ- 
ipally by the degree of time magni- 
fication required, as discussed quali- 
tatively above in the treatment of 
Events of Extended Duration. I: 
many camera designs, however, the 
exposure duration is permanent); 
fixed at some value inversely pro- 
portional to the repetition rate 
When such cameras are used, th: 
necessary repetition rate may b« 
governed by the need for an exp: 
sure duration per frame not to ex- 
ceed some definite value. This con 
dition may result in an undesirabl) 
hich repetition rate from the stand- 
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pues. Fig. 2. Exposure duration depends on two factors, in addition to 
a - the speed of the object: the critical dimension D of the object 
d de. and the width w of the crescent areas at the leading and trailing 
ion of edges of the object. The w/D ratio determines object clarity. 


is re 

ep in 

must 

dvan- a 

imum int of the time magnification. 
>xcel- The practical upper limit for ex- 
ween posure duration is the reciprocal of 


Hitio) the repetition rate. This value is 
tt achieved in most designs be- 


ue of 
qu cause a large exposure duration is 
mer desirable only when the primary 


f at objective is a moving picture on the 
projection screen for study in slow 
motion. Often the primary objective 
is a series of still frames from 


e which measurements can be made. 
shes In such cases, the most desirable 
aphy exposure duration is the shortest 
wit! compatible with adequate density. 
ers If the dimensions of a moving ob- 
F ex ject are given, the exposure dura- 
sure tion determines the maximum 
able translational velocity at which the 
, the bject can be photographed. If the 
‘ine elocity of an object is stated, the 
rni- exposure duration then determines 
1a] the minimum dimensions of the ob- 
t of ect that can be photographed. The 
I maller the dimensions of a moving 
the bject or the greater its speed, the 
tly horter must be the exposure. 
ri When photographs are obtained 
ate rimarily for projection on a screen 
the s a motion picture, a median fine- 
be ess of detail is acceptable. The res- 
pD lution of the motion picture ap- 
eX- ears perceptibly better than the 
mn esolution of any particular frame. 
bly in the other hand, if accurate 
id easurements are to be made from 


he individual frames as stills, a 








considerably finer resolution § is 
needed. In such work, movement 
during the exposure of a frame 
must be minimized for any object 
whose position is to be measured. 

In calculating the necessary ex- 
posure duration, the dimension of 
the moving object in the direction 
of motion, Fig. 2, is as important 
as the speed of the object. For a 
moving sphere, this dimension is 
the diameter. For a cylinder moving 
in the direction of its axis, the crit- 
ical dimension is the length. If a 
cylinder were moving in a direction 
perpendicular to its axis, the diam- 


eter would be important. In any 
case, the critical dimension in in- 
ches of a moving object will be des 
ignated as D in the following dis 
cussions 

With finite exposure duration, th 
leading and trailing edges of a: 
moving object will appear in th 
photographs not as sharp lines, but 
as shaded areas. The width of these 
areas, in the direction of motion, i 
equal to the distance through whic! 
the object moves during exposure 
(slightly less if the photographi: 
emulsion requires an appreciable 
in inches will be designated w, as 
This widtl 


measured on the subject rather 


threshold exposure) 


than on the image. 

In determining what the exp 
sure duration must be, the design 
engineer must first decide hovw 
great a value of w can be tolerated 
This decision may be controlled by 
one or the other of two factors 
First, the ratio w/D must be small 
enough so that the object can be 
seen in the photographs. Second, 
w must not be of a larger orde1 
than the permissible error in meas- 
irement of the position of the 
object on the still frames. 

If w/D is greater than unity, the 
object will not be visible in a still 
frame, except possibly as a mean- 
ingless streak. If w/D is about 0.1, 
the object will probably be recog- 
nizable, but its edges will be dis- 
concertingly blurred. In most cases, 
a value of w/D of 0.01 is acceptable 

If w is two to four times as great 
as the permissible error in measure- 


Fig. 3. Battelle camera, with author-designer Miller making an adjustment, is 
capable of 100,000 frames per sec. All photographs are taken through the same 
lens from same viewpoint, thus avoiding distortion from frame to frame 
Camera can be used to photograph luminous or non-luminous objects, as well 2s 


for shadowgraph and schlieren studies. 
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ment of position, the center of the 
shaded area representing the lead- 
ing or the trailing edge may pos- 
sibly be estimated with sufficient 
accuracy. A value of w no greater 
than the permissible error is gen- 
erally more satisfactory. 

The tolerable value of w must be 
taken as the lower value determined 
on the basis of the acceptable value 
of w/D, or directly from the toler- 
able error in measurement of posi- 
tion. After this tolerable value of 
w has been determined, the maxi- 
mum permissible exposure duration 
per frame, t, (in seconds) can be 
computed from the following equa- 
tion, in which v represents the 
speed of the moving object in inches 
per second: 


t= w/o (1) 
In the Battelle high-speed cam- 
era, Fig. 3, and in one of the NACA- 
Miller cameras, a simple adjustment 
can be made to cause an object 
moving in a single direction at a 
constant speed to remain stationary 
on the film during exposure. This 
adjustment causes all stationary 
objects to move on the film in the 
opposite direction. However, it 
often happens that the moving ob- 
ject is small and the stationary 
objects are relatively much larger. 
In such cases, the motion of the 
larger objects on the film during 
exposure may not be objectionable. 
This adjustment permits much 
longer exposure durations than 
would result if Eq (1) is used. 
When such a device cannot be 
applied to circumvent Eq (1), the 
required repetition rate may be 
governed by the value of t found 
from that equation. In most high- 
speed cameras, the repetition rate 
R (in frames per second) is related 
to t by the following equation, in 
which 6 is a constant, characteristic 
of the camera, 


R= 6/t (2 

Often, the value of R dictated by 
Eq (2) is much higher than the 
value that would be determined 
from the desired time magnifica- 
tion. However, when this condition 
does not exist, the desirable time 
magnification can be used as the 
basis for choosing the repetition 
rate. 

In the qualitative discussion 
above concerning Events of Ex- 
tended Duration, three basic ele- 
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ments were considered as to their 
bearing on the desirable degree of 
time magnification. The effect of 
these basic elements can be sum- 
marized in the following statement: 
The desirable time magnification 
depends upon the shortest observ- 
able duration of motion of any ob- 
ject in a constant direction and at 
constant speed that the engineer 
wishes to see. The subject may 
consist of one discreet object, mov- 
ing for a certain period in one 
direction and at one speed. Deter- 
mination of the desired time mag- 
nification is then very simple. At 
the other extreme, the subject may 
consist of hundreds of objects, mov- 
ing in various directions at various 
speeds. Each object may move in 
a constant direction and at constant 
speed for only a very brief pericd. 

For the simpler case of one mov- 
ing object, it is only necessary that 
the observable duration of the mo- 
tion in one direction and at one 
speed be increased to a value that 
can be perceived by human con- 
sciousness. The shortest duration 
of such motion that can readily be 
perceived appears to be about one- 





quarter second. A half seco: 
much more satisfactory, while 
rations of two or three seconds 
superfluous. Thus, with no 
projection at 24 frames per 
six frames represent a pra 
minimum for resolution of a n 
ment. The minimum accept 
repetition rate is therefore 
R= 6/T, 

where T is the duration in sec 
of the critical movement in 
direction and at one speed. 

The complex case of many n 
ing objects is no more perplexin 
the determination of needed t 
magnification than it is in the 
termination of the necessary 
posure duration. In either case, 
critical object must be chosen 
its most critical movement, and | 
(1), (2) and (3) applied. 

For satisfactory projectien : 
motion picture, small dimension 
a moving object may require hi; 
repetition rates than would 
needed on the basis of desired tim: 
magnification. If such an ob 
moves through a distance great 
than the critical dimension D 
tween the exposures of two 
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Fig. 4. High-speed cinephotomicrography is used when the subject 
under study has very small dimensions. Exposures as short as 0.1 
microsec can be ob(ained by the method shown. Motor synchronizes 
rotation of prism and spark timing. Light, from spark is transmit- 
ted through specimen and reflected by prism onto film in drum. 
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acon 
hile iy. be, ollowed readily by the eye on 
mds are the projection screen, even though 
mes ae ipparent duration of the move- 
Der | ment is adequate. Thus, for satis- 
mae S fa tory projection, the movement 
2m 4 the object between successive 
-ept mes must be less than D. This 
erion calls for a repetition rate 
forming to the following in- 
sec ality: 
et ies R >o/D (4 
In studies where the necessary 
yn data for determining R or ¢ are 
Xing in not available, high-speed photog- 
d tin raphy must be used qualitatively. 
the Photographs taken at progressively 
ry « higher rates are studied as motion 
Se, pictures until the nature of the 
sen, movements becomes clear. 
nd E 
Image Dimensions 
a é One of the disadvantages that 
on isually go with high repetition 
his rates is small image size. In the 
Id design of a camera, it is general 
I tir practice to choose the image size 
obje before fhe unit is built. Only a few 
~ cameras permit a change in the 





compromise between image size and 
repetition rate after assembly. In 
ali cameras, the image size can be 
made as small as desired, but usu- 
aly without a consequent increase 
in repetition rate. 

In the design of a camera having 
a fixed ratio of repetition rate to 
exposure duration per frame, sac- 
rifice of image size contributes 
toward both short exposure dura- 
tions and high repetition rates. Al- 
though short exposure durations 
enhance the resolution of moving 
objects, small image size is directly 
uetrimental to the resolution of 
both moving and _ still objects. 
Hence, as image size and exposure 
duration are progressively reduced, 
a point is reached at which the 
direct detrimental effect of reduc- 
tion of image size offsets the advan- 
tage of the reduction of exposure 
duration. 

A rough correlation exists be- 
tween needed exposure duration 
and the ratio of image-to-object 
limensions. In general, shorter ex- 
osure durations are required with 
‘inephotomicrography than with 
small ratios of image-to-object di- 
mensions. Such a rough correlation 
exists only because photomicrog- 
raphy involves smaller objects than 
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normal photography. With the 
smaller moving objects, an accept- 
able value of w/D calls for lower 
values of w, and the permissibk 
errors in measurement of position 
are usually smaller. This conditior 
also dictates smaller values of x 
Fig. 4 shows one setup for taking 
high-speed cinemicrophotographs. 

Regardless of the ratio of image- 
to-object dimensions, the 
exposure duration for stopping 
movement is determined by Eq (1). 
When a phenomenon has been speci- 
fied for study, and a decision made 
as to the tolerable blurring caused 
by motion of the object, the needed 
exposure duration is independent 
of the image dimensions. 


needed 


Stroboscopic Photography 


Concerned chiefly with high-speed 
stills, stroboscopic photography is 
useful in the study of repetitive 
phenomena, provided they are re- 
producible with sufficient accuracy 
from cycle to cycle. The successive 
high-speed stills are, of course, ex- 
posed at progressively later inter- 
vals in successive cycles of the 
phenomenon. It is even possible to 
skip one or more cycles between 
successive frames, provided only 
that each exposure is made at a 
later interval in a given cycle than 
was the preceding exposure in an 
earlier cycle. Such _ stroboscopic 
photography facilitates the use of 
repetition rates many orders lower 
than would be required if all ex- 
posures were to be made during a 
single cycle of the repetitive phe- 
nomenon. In this manner, the com- 
plexity and cost of the equipment 
can be greatly reduced, without 
changing the exposure duration. 


Photographic Quality 


Uniformity of exposure densities 
for different parts of the photo- 
graphic image and the resolution 
for statiorary objects, are depend- 
ent upon the choice of the optical 
system and the quality of its manu- 
facture. Tonal values depend upon 
the freedom of the optical system 
from aberrations, and the care 
taken in processing the film. In 
general, the higher the repetition 
rate, the more difficult is the pro- 
duction of images of good quality. 
The final result represents compro- 
mises that affect image quality. 
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SAMPLE CALCULATIONS 





A problem well suited to the applica- 
tion of high-speed photography is the 
determination of velocities and acceler- 
ations of type bars in a typewriter. Tak- 
ing the approximate dimension of such 
a bar in the direction of motion as \ 
in. and the maximum velocity as 200 
in. per sec, it is desired to determine 
bar speeds at maximum intervals of 
0.5 in. to an accuracy of one percent 

A value for w/d of 0.1 results when 
w is 0.025 in. The requirement of speed 
determination within one percent, how- 
ever, calis for » equal to 0.01 in. This 
value of w allows for half of the per 
missible one-percent error at each end 
of the assumed 0.5 in. travel, and results 
in a blurring of four times the permis- 
sible érror. Using the smaller value of 
w in Eq (1), the exposure duration be- 
comes 


0.01 


200 = 


For the 16-mm Kodak high-speed 
camera, the ratio of exposure duration 
to the reciprocal of the repetition rate 
is approximately ¢ equal to 0.2. Apply- 


ing Eq (2), the repetition rate is 
R = 0.2/(5 x 10° 
= 4,000 frames | 


As the camera is desigaed for operation 
at 3,000 frames per sec, the one-percent 
accuracy in determining bar speed can 
almost, but not quite, be achieved. 

The repetition rate of 4.000 frames 
per see will produce a frame for every 
0.05-in. movement of the type bar as 
it moves at 200 in. per sec. Here is a 
case in which the requirement of short 
exposure time dictates a repetition rate 
10 times as great as would otherwise 
be required. , 

In this example, the extreme accu- 
racy within which measurements can 
be made on the photographic film, be- 
cause of film grain and optical imper- 
fections, is approximately 0.001 in. 
Again allowing half of the one-percent 
permissible error at each end of the 
specified 0.5 in. travel of the type bar, 
this limitation requires that the travel 
cover not less than 0.001 * 2 < 1/0.01 = 
0.2 in. on the film. The width of the 
16 mm frame being 0.410 in., only a 
little more than an inch of travel of 
the type bar can be covered on the 
frame if the specified accuracy of speed 
determination is to be achieved from 
measurements of the photographs. 

The relation of subject dimensions to 
image dimensions is governed by the 
equation: 

w,/w = p/¢q 

where w, is any given dimension in the 
subject, », is the corresponding dimen- 
sion in the image, p is the subject-to- 
lens distance, and gq is the image-to- 
lens distance. If a _ subject-to-lens 
distance of 18 in. is assumed, the image- 
to-lens distance for the typewriter bar 
would be 


The focal length / of the lens would 
then need to be 


18 > 
f } 



























Event Synchronization 


The shorter the observable dura- 
tion of an event, and the briefer 
the total operating time of photo- 
graphic equipment, the more diffi- 
cult is the synchronization of the 
camera with the event. All photo- 
graphic equipment must _incor- 
porate means either to start 
photographing after sensing the 
inception of the event, or to initiate 
the event when the desired opera- 
tional speed of the equipment has 
been reached, 

Establishment of Time Scale 


Whether a study is quantitative 
or qualitative, a time scale is usu- 
ally included in the photographic 
procedure. For the lower range of 
repetition rates, a light source con- 
trolled electronically or electrically 
records traces at known intervals 
on the edge of the film. This is 
necessary because cameras operat- 
ing at these lower rates do not 
always run at. constant 
throughout the exposure 
entire record. 


speed 

of the 
Such a time scale 
can be established with great accu- 
racy, yet in a relatively simple 
manner. Table III lists types of 
time record that indicate either 
time interval between frames or 
frame frequency. It, is often im- 
portant to record elapsed time from 
a “zero” or to present the interval 
record as elapsed time. 

At high repetition rates, the 
time scale is often established by 
noting the speed of a film drum or 
rotating optical element, such as a 
mirror, rather than by recording 
timing marks on the film. The time 
scale is not usually needed on 
photographs taken with high-rate 
equipment, because the cameras 
operate at constant speed through- 


Of the many types known, the 
Eastman Kodak High-Speed Cam- 
era (Fig. 5), the Wollensak Optical 
Company's camera, the 
tadio Company's Model 
651-AG and the Warrick Model F 
continuously 


Fastax 


General 


moving film cameras 


used with multiple-flash light 
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TABLE I!l—Typical Timing Systems 


With drum and rotating-mirro 














cameras, various types of ta 
chometers are generally used 
This method of timing is best 











suited for applications involving 
relatively rapid events, 





INTEGRAL RECORD (on film) 


(t%ro Time traces recorded 

Ld time tb! 5 on edge of film. Dis- 

Grecord Py charge lamp con- 

Eales ¢ trolled by frequency 
O00! standard, 
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| SEPARATE RECORD (not on film) 
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| Wiest | 
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Mechanical or elec 
tro-mechanical cour 
ter or vernier devic: 
imaged on film. 


aut 
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Calibrated disk or 
scale in field of view. 
This device is normal- 
c Meas = ly placed close to the 
plane of the subject. 


Special cathode-ray 
tube system present- 
ing time in form of 
arabic numerals. 
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—'s .| Separate optical sys- 

I | tem that projects 

q b| image of clock dial 

q P| on film, 
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5 L, Binary or digital time 

ee bj} code recorded in cor- 
q b| ner of film, 
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out the exposure of all frames. 
Accuracies to 0.1 percent are gen- 
eral practice, and systems operated 
entirely by electronic means achieve 
still greater accuracies. 


Photosensitive Materials 


Photosensitive materials behave 
differently with short exposure dur- 
ations than with ordinary exposure 
durations. The choice of a film for 
a high-speed photographic applica- 
tion depends upon its spectral char- 
acteristics anc the spectral output 


of the light source under the short- 
duration conditions, the intensit; 
of the source, the relative aperture 
of the optical system of the camera, 
the resolution of the film, the reso- 
lution of the optical system, and 
many other factors. With the lower 
repetition rates, for which adequat« 
light sources are available, a choice 
can be made from a number of 
films; for high repetition rates, 
the choice of film must often bh 
made on the basis of its photo 
graphic speed alone. 








High-Speed Cameras 


sources), are the most readily avail- 
able commercially in this country. 
These cameras cover the speed 
range up to about 15,006 frames per 
second. Some of the larger indus- 
trial research laboratories, such as 
Battelle Memorial Institute, have 
cameras that can he operated at 
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rates up to about 100,000 frame 
per second. 


Principle of Operation 


To accommodate the diverse need 
of the engineering and researc! 
problems to which high-speed pho- 
tography has been applied, many 
varieties of high-speed cameras 
have been developed. The process 
of invention and reinvention is con 
tinuing at an accelerated pace, and 
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not unusual for the same type 
amera to be invented three to 
times within a ten-year period. 
ever, this great diversity of 
era types is more or less justi- 
because many problems require 
mera that it tailor-made for the 
A systematic classification of 
wn camera principles is there- 
e essential to engineers who deal 
th photographic problems. The 
tefold at the end of this article 
ows this classification. 
High-speed motion pictures are 
mply a series of high-speed stills 
exposed in rapid succession. Some 
f the photographic methods are 
apable of exposing only a very few 
frames in a series. Whether the re- 
sults in such cases sholld be re- 
carded as high-speed stills or as 
high-speed motion pictures is open 
to discussion. Thus, the applicabil- 
itv of the terms high-speed stills 
and high-speed motion pictures 
shades off gradually from one to the 
other 
The average amateur photogra- 
pher would be sufficiently resource- 
ful to find a solution if he wished 
to take two photographs of the same 
subject five seconds apart. He would 
focus two cameras on the subject, 
set up lights, and make other neces- 
sary preparations. With stopwatch 
in hand. he would then trip the 
shutter of one camera, and five sec- 
onds later, trip the shutter of the 
other camera. 
If the amateur wished to expose 
the two photographs in much more 


rapid succession, or with more ac- 
curate timing, he might set up a 
simple mechanical] device to trip the 
shutters more rapidly or with more 
exact timing than possible by hand 
If he needed to expose three or more 
pictures in succession, instead of 
two, he might set up three or more 
cameras. 

Basically, all techniques of expos- 
ing high-speed motion pictures in- 
volve this simple, logical procedure. 
All methods use multiple optical 
systems. Either an optical system 
is provided for each frame to be ex- 
posed, or a limited number of opti- 
cal systems operate in rotation, the 
first being ready to operate again 
by the time the last has been used. 
The multiple optical systems usually 
contain some components in com- 
mon. Occasionally, just as in the 
experiment by the hypothetical 
amateur, the photographic subject 
is the only common component. The 
frames on the photosensitive film 
constitute the only multiple com- 
ponent in multiple-flash motion pic- 
tures, but probably not in any other 
type of motion-picture photography 
above intermittent speeds. 

Some device for switching from 
one optical system to the next is 
always used. This device often con- 
sists of relative motion between a 
common optical component and a 
multiple component. Likewise, all 
methods have a means of limiting 
the exposure duration for each opti- 
cal system. The exposure duration 
can be limited by one of three meth- 


Fig. 5 Commercially high speed cameras cover range fror 
about 3,000 frames per sec for Eastman’s Type III (below) 
to 15,000 frames per sec for Wollensak’s Fastax (right). 
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WoOLLENSAK OPTICAL COMPAN 


ods: ] 
operation of the light source: 
Moving the light beam out of co 


Limiting the period f 


incidence with a component of the 
optical system, or moving the com 
ponent out of coincidence with the 


light beam; (3) 


Interrupting the 


light beam with some type of shut 


+ 


er at a point between the light 
source and the photosensitive filn 
Some optical parts may move dur 
ing operation, or all parts may be 
stationary. If any parts move, cor 
sequent blurring of the photogra 
phic image on the film is held within 
tolerable limits by one of the follow 
ing methods: 
(1) The movements of two or 
more optical components, one of 
which may be the photosensitive 
film, are so related as to compen- 
sate each other. The photogra- 
phic image consequently has little 
or no motion relative to the pho 
tosensitive film during exposure 
This method is known as “optical 
compensation.” 
(2) The exposure duration is 
made several orders 'ower than 
frames 
Photographs taken by this meth- 
od are known as “mnultiple-flash 
motion pictures.” 

3) A _ unit-dimensional photo- 
graphic subject is used, with a 
uni-dimensional image, so that 
any finite movement of the image 
relative to the film automatically 
constitutes a new frame. Photo- 
rraphs taken by this method are 
referred to as “streak pictures.’ 


the interval between 
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TYPE OF CAMERA 











Zero to 24 “ 

















Standard intermittent................ 20,000 1,000 800 
Normal 
High-speed intermittent... . 24 to 275 1,800 36 75 
Sedat aieiiel -_ Lite <— : 
Continuously moving film............. High-speed 275 to 1.2 x 10* 80 16 107° 
| PP rr ey es ee or ae Very high 1.2x10*toSx10° | 2 0.25 4x10~ 
POEL OE A Le Oe EN ‘ 2 
DOGS & wits 3 ite Fee aaa an. 5 x 10° to 10° 1 0.10 | 2.4x 10° I 
Ultra- : 
Miectromisc ditateer. 0065s cc cake high- 10° to 10’ 1 0.001 10~’ 
speed 
10’ to 10° | 0.001 3x10°° 


Image dissection focal-plane scanning. ..| 


Variations in Camera Design 
Several basic types of optically 
compensated cameras exist and they 


have been used separately or in 
combination. In addition to this 
classification of cameras on the 


basis of the optical systems used, 
there is also a grouping according 
to the type of film motion involved. 
Typical repetition rates, exposure 
durations, and total durations of 
events covered by each type camera 
are shown in Table IV above. 

In the intermittent camera, the 
film frame is brought to rest during 
exposure, and the next frame ad- 
vanced to the same position during 
the interval in which the camera 
shutter is closed between exposure 
of successive frames. The limita- 
tions of this type camera evolve 
from the strength of the film and 
the dynamics of a mechanical sys- 
tem involving high reciprocating 
speeds. The practical speed limit in 
the present state of development is 
about 275 frames per second, al- 
though somewhat higher-speed in- 
termittent cameras have been de- 
signed. Optimum picture quality 
and accurate registration of frames 
are achieved within this speed 
range. 

A camera involving continuously 
moving film has a supply reel and a 
take-up reel, just as does the inter- 
mittent type. Reel are 
isually 100 ft, although some cam- 
eras do hold up to 1,000 feet. Film 
runs through the exposure gate at 
a constant or gradually accelerating 
speed throughout the exposure of a 
series. Either each successive image 
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is moved with the film at constant 
speed by one of several mechanisms 
of optical compensation, or some 
type of shutter mechanism for con- 
trol of the light source provides an 
exposure duration orders 
lower than the interval between 
successive frames. For such control 
of the light source, electric sparks 
or gas-filled electric flash tubes can 
used. Also practical for this 
purpose are the Kerr cell, the mag- 
neto-optic shutter and the electro- 
optic shutter, all of which involve 
the use of polarized light and the 
effect of transient electrostatic or 
magnetic fields on the birefringence 
(double refraction) of transparent 
liquids or solids. 

The camera with continuously 
moving film extends into the next 
higher range of repetition rates 
than those achieved by the inter- 
mittent camera. The resolution is 
not as good as that of the intermit- 
tent and varies with the type of 
optical compensator. To a great 
extent, the resolution depends upon 
the degree of compromise the de- 
signer has accepted in attaining 
high repetition rates and simplicity 
of construction. The Eastman Ko- 
dak camera of this type is available 
for 16-mm film, and the Wollensak 
Fastax for 8-mm, 16-mm and 35-mm 
films. These cameras hold 190-ft 
lengths of film. Top speeds with 
8-mm film are 12,000 to 15,000 
frames per second. The General 
Radio and Warrick cameras permit 
maximum repetition rates of 1,500 
and 2,000 frames per second and 
use the multiple-flash technique for 


several 


be 
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image formation. Film capacity for 
the GR unit is 100 ft; for the War- 
rick, 1,000 feet. 

For repetition rates in the rang: 
just above those attained with « 
tinuously moving film, drum cam- 
eras are used. Film is removed fron 
the supply reel at the time of load 
ing the camera and positioned 
the inside or outside of a cylindrica! 
drum, a spherical surface or some 
such geometrical area. During 0 
eration, either the drum rotates at 
high speed, or the drum and filn 
remain stationary and optical means 
are provided to project stationary 
images onto different parts of the 
film in rapid succession. The neces- 
sity for advance loading of the film 
in position for exposing frames 
limits the length of series to 
maximum of about a_ thousand 
frames. 

The design of a drum camera is 
a complex engineering problem, be- 
cause centrifugal stress, balance, 
windage and many other elements 
have to be controlled. Some of thes« 
cameras have high-speed rotating 
parts nearly six feet {n diameter 
and weigh more than four tons. In 
the NACA-Miller II cameras, the 
film is stationary and a mirro! 
wheel weighing two-thirds of 
pound, with electromagnetic su 
pension and drive in a vacuum 
driven at rates in excess of 2,5! 
revolutions per second. Repetiti: 
rates greater than 500,000 fram: 
per second have been attained wit 
this design. 

Spark cameras and_ electron 
shutter techniques reach into t! 
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ij ranges just above those at- 
ible with drum cameras. These 
= .y-angements involve the plan fol- 
lov ed by the hypothetical amateur 
mentioned above, of setting up a 
iplete camera or optical system 
each frame to be exposed. The 
st of these arrangements is the 
Jitiple-spark system of Cranz 
d Schardin shown in the chart at 
e end of this article. More re- 
ently, the magneto-optic (Fara- 
lay) and electro-optic (Kerr and 
Pockels) effects have been used as 
shutters to control the operation of 
the individual optical systems. Im- 
age converter tubes have most 
recently been used for repetition 
rates of 10° frames per second and 
exposure durations as short as 
10° second. These electronic tech- 
niques are complex and sometimes 
expensive, and the length of series 
is limited to a very few frames. 
Image dissection and focal-plane 
scanning are closely related tech- 
niques, in which the field of view is 
subdivided into a number of par- 
allel uni-dimensional images, com- 
prising a television-type image. In 
one form, developed by Tuttle, an 
opaque screen ruled with fine trans- 
parent lines is placed almost in 



























| KNOCK IN PISTON ENGINE 


The needs of this NACA study 
on fuel knock prompted the inven- 
tion and development of two new 
types of high-speed camera. Re- 
ferred to as the NACA-Miller I 
and II cameras, the first uses re- 
focusing with translational move- 
ment of 90-deg reflector pairs in 
the focal plane of the primary 
image, while the second utilizes 
refocused revolving beams with a 
rotating mirror at the focal plane 
of the primary image. 

Fuel knock imposes a 
limitation upon the performance of 
a spark-ignited piston engine, or 
ipon the quality of the fuel used. 
In an attempt to learn the true 
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contact with the photographic emul- 


sion. As the grid is moved in a 
direction perpendicular to the rul- 
ings, a streak photograph is pro- 
through each ruling. The 
total time is limited to the interval 
during which one ruling moves to 
the position originally held by the 
next adjacent ruling. If the operat- 
ing time is extended beyond this 
interval, double or triple exposures 
will occur, which, for some pur- 
poses, are useful. When the com- 
posite streak pictures are developed, 
and viewed through the same grid 
that was used in their exposure, a 
television-type frame is seen. 

Sultanoff has placed the 
screen at the focal plane of a pri- 
mary image and has _ refocused 
across a rotating mirror onto a sta- 
tionary photographic plate. Greater 
effective translation velocities of 
the focal-plane grid are thereby 
achieved. This camera has produced 
10° frames per sec in a relatively 
long series. 

In a system developed by O’Brien 
and Milne, the uni-dimensional 
images are laid out end to end on 
the film by a complex system of 
lenses and mirrors. Film is moved 
in a direction perpendicular to the 


duced 


ruled 







me dimension of the images by a 


high-speed drum. This arrangement 
produces a long streak picture for 
each image, which must be reas 
sembled for viewing. 

The first camera of this typ: 
volved elignt lines. Without chang 
in the width of the film, increa 
the number of lines to sixteer 
quires halving of the length of « 
line With the 


resolution is good in the a 


small number 
lines, 
rection of the lines, but is bad i 
the perpendicular direction. As the 
number of lines is increased, th« 
becomes better in the 


perpendicular direction, but wors« 


resolution 


} a1 
rweCAaAUSt 


in the direction of the lines, 
of the necessary reduction of the 
line length and the consequent ir 


creasing effect of film i 


grain ana 


optical imperfection. Good resolu 
tion in both directions is th 
enmeshed in a three-way contrad 
tion with reasonable film width. A 
satisfactory compromise among 
these three contradictory objectiv 
has not been attained. Howeve! 
this type camera has produced 
ultrahigh repetition rates of 2.2 x 
10° frames per second, in a reasol 
ably long series, and th cal 


ised for special purposes 





Typical High-Speed Photographic Studies 


Time Scale, microseconds 
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Fig. 6. Selected frames taken at 40,000 per sec of combustion and knock in a 
spark-ignited piston engine. Flame travels downward two-thirds of the way 
across the field of view in 4,000 microseconds. During the next 1,675 microsec, 


, 


the “end-gas,’ 


not yet reached by the flame, undergoes the early stages of 


autoignition. Knock develops in the interval between 5,675 and 5,725 on the 
microsecond time scale. A black cloud of carbon smoke appears in the lower 
part of each frame at about 7,750 microsec and persists to the end of the series 
Analysis of the photographs indicates that a 6,500 ft/sec detonation wave 
developed after about 5,725 microseconds. 
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nature of knock, rates of motion 
were not of primary interest. 

As in most cases where the test 
objective is to “see what happens,” 
actual motion pictures were desired 
for observation on the screen, 
rather than a rapid sequence of 
high-speed stills from which meas- 
urements could be made. All that 
was known about the speed of knock 
propogation was that photographs 
previously taken with cameras com- 
mercially available were too slow. 
Repetition rates were therefore in- 
creased stepwise until the nature 
of knock was revealed. 













ATOMIZATION FOR SPRAY DRYING 






Spray drying of solutions or sus- 
pensions of solid material in liquids 
has been the subject of study at 
the University of Wisconsin. Fine 
atomization is produced by flinging 
liquid as small-diameter droplets 
from high-speed rotating disks, 
Fig. 7. Very short exposure dura- 
tions were essential. 


Ordinarily, the performance of 
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Fig. 7. Two-microsecond exposures showing atomization of water containing 


nigrosine dye. 


(A) shows atomization with a 7-in disk (18 curved vane 


rotating at 470 rpm, while (B) pictures a 33/4-in. disk (24 vanes) running at 


7,600 rev per minute. 


various disks turning at different 
speeds, and with diverse rates and 
methods of introducing the liquid 
to the surfaces, could be observed 
only on the basis of the end result. 
With high-speed photography, the 
trend toward better or worse atomi- 
zation resulting from a change of 
any variable could be observed di- 
rectly and accurately. 
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VIBRATION IN STRUCTURAL PANEL 





An application of non-image- 
forming photography at the Johns- 
Manvilie Research Center involves 
recording the entire history of vi- 
bration in a double structural panel 
upon impact loading. Fig. 8. shows 
schematically the photographic 
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setup for recording vibrations and 
a composite graph of the two dis- 
placement-time curves. 

An impact force is applied to sur- 
face A, which is connected to sur- 
face B by studding. Opaque screens 
C and D, attached to surfaces A 
and B, transmit light to an objec- 
tive lens through single pinholes; 
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CAMERA: Speed Graphic 

LIGHT souRCE: General Elect 
xenon-filled flash tube 

REPETITION RATE: High-speed sti 

EXPOSURE DURATION: Two micr 
seconds 

EVENT SYNCHRONIZATION: By hand 
(not critical) 

EMULSION: Superpan press and 
Super XX 


Fig. 8. Vibration in a structural pane! 
under impact loading. In this applica- 
tion of non-image-forming photogra- 
phy, the vibrational movements of 
panel surfaces A and B are recorded 
as the graphs C and D (below). The 
two pinholes in screen G provide space 
reference and appear as the two lines 
F and F’. The time scale is recorded 
as the dots E. 
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and stationary screen F’, transmits 
light through two pinholes located 
exactly one inch apart. Argon light, 
E, supplies 120 timing flashes per 
sec, which appear on the film as it 
moves through the focal plane in 
a direction perpendicular to the 
displacement of the panel surfaces. 

This photographic method is a 
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accelerations 


itively simple means for obtain- 

information in the study of 
ck and vibration phenomena. 
alysis of the film (insert Fig. 
reveals quantitative data such 
amplitude and frequency of 
rations. See Product Engineer- 
g, July, 1949, for an analysis of 
«k in military vehicles. 


FLUID FLOW THROUGH 
CENTRIFUGAL IMPELLER 


Photographic records of tracer 
particles, Fig. 9, injected into the 
fluid entering transparent lucite 
impellers have furnished data for 
determining the velocity, flow path, 
and turbulence of the fluid, and for 
checking performance with design 
theory. Engineers at California 
Institute of Technology find such 
photographic data also gives an 


WAVE HEIGHT DETERMINATION 
IN TOWING BASIN 


Although many of the character- 
istics of ship model performance, 
such as the forces, moments and 
related to wave 


indication of the accuracy and limi- 
tations of other instruments. 

An Eastman high-speed camera 
was used in this study, which in- 
corporates a rotating prism _ to 
compensate for the translational 
movement of the film through the 
exposure gate. Additional optical 
compensation was used to handle 
rotation of the image on the film 
caused by the impeller rotation. 

Any optical device rotating as a 
unit with angular velocity w will 
impart an apparent angular velo- 
city of 2w to a stationary subject, 
provided the following conditions 
are satisfied: (1) The axis of the 
light beam leaving the rotating 
optical unit is identical with the 
rotational axis of the unit, and is 
an extension of the axis of the beam 
entering the unit from the station- 
ary subject; and (2) the light beam 
undergoes an odd number of re- 
flections from plane reflecting sur- 
faces within the optical unit. 


If such an optical unit is rotated 
at half the angular velocity of a 
subject rotating about the samé 
axis, and in the same rotational 
sense, the rotating subject will 
appear to be stationary as viewed 
through the unit 

The optical element used for the 
rotational compensation is the 
known “dove” prism, Fig. 10 
prism has the disadvantage 
nonparallel rays of light do 
follow paths of equal length through 


‘ 


the prism. Under the conditions of 
this study, the consequent aberra 
tions in the image were slight 

A somewhat similar device has 
been used in a special optical printer 
in the laboratories of the National 
Advisory Committee for Aeronau- 
tics, but utilizing three front-sur- 
face mirrors and providing an 
optical path entirely free of glass 
Such an arrangement avoids aber- 
rations caused by unequal lengths 
of paths of nonparallel rays 


Fig. 9. The study of cavitation bubbles in fluid passing 
through a high-speed impeller required a repetition rate of 
about 1,000 frames per second. Frame shown was taken 
with an Eastman high-speed camera through “dove” prism 
(Fig 10, below) and rotated at half impeller speed. On); 
motions of the bubbles relative to the impeller are seen 
when the photographs are projected as a motion picture. 
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heights and periods are recorded 
by galvanometric methods, valuable 
correlated information is obtainable 
from high-speed still photographs. 
Photographic records are produced 
by flashing two gaseous discharge 
tubes with the fixed camera’s shut- 
ter open. The model is towed 
through a water channel by an 
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overhead monorail carriage, Fig 
11, and a photoelectric cell used to 
trigger the camera and flash tubes 
when the carriage reaches a pre- 
determined position. A mirror on 
the carriage provides the light im- 
pulse to energize the cell which, in 
turn, trips the camera shutter (set 
to 1/200 sec) and the flash-tubes 


Fig. 11. High-speed still photogra- 
phy permits direct measurement of 
wave height and length at a given 
instant in an experimental towing 
tank. The waves shown are gener- 
ated at the right and move to the 
left at about two fps. The carriage 
moves toward the right at speed of 
15 ft per second. 
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Triggering of the 0.0005-sec flash 
units is recorded on the galvano- 
metric record which provides time 
correlation with the rest of the 
data. A grid on the rear tank wall 


IMPACT FRACTURE OF STEEL 


To determine the manner in 
which steel fractures on impact, 
standard V-notch Charpy test speci- 
mens heat-treated and cold-worked 
to various degrees were broken at 
room temperature using a conven- 
tional testing machine with a spe- 
cial striking edge. The 16-mm 
Fastax high-speed camera was used 


serves as a reference for 
measurement of wave height and 
period. (Such grids often are used 
for reference in problems involving 
varying motion when velocities or 


space 


at various frame frequencies with 
a 4-in. iens set at f/4 and a 1-in. 
extension tube. Illumination was 
furnished by two 750R tungsten 
incandescent lamps. Event syn- 
chronization was manual. 

Fig. 12 (top) shows the genera- 
tion of the impact fracture con- 
sidered normal for a tough grade 
of steel. This sequence was taken 
at 5,180 frames per sec and a frame 
duration of 48 microsec. The same 


8 a 


accelerations of masses must 
determined. In some cases tim 
marks can be exposed on the { 
so that calculations 
directly.) 


can be m 


steel cold-worked exhibits a brit 
fracture as shown in bottom vik 
These were taken 
4,580 frames per sec at a fran: 
duration of 54 microsec. It 
noteworthy that the “brittle” crack 
is generated between the second 
and third frames, during a times 
interval of only 218 microsé 
Higher frame frequencies are 1 
quired if accurate data on spe 
of crack propagation are desired. 
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Cold worked Brittle 


84 ft-lb 
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5/80 Pictures per second 


4580 Pictures per second 


Fig. 12. Charpy impact fracture test of steel in “tough” condition (top) and “brittle” condition (bottom) is recorded 


on film. 


CORRELATING MECHANICAL 
AND ELECTRICAL DATA 


A problem sometimes encoun- 
tered is correlation of mechanical 
movement with electrical character- 
istics. To simplify this problem, 
both the Eastman and Fastax high- 
speed cameras have been modified to 
record an oscilloscope trace simul- 
taneously with the picture record. 
A second lens is set at 90 deg to 
the picture-taking lens so that the 


“Brittle” crack occurs between second and third frames. 


oscilloscope trace appears on the 
film record. 

Film footage taken with the East- 
man camera, Fig. 13, at 3,000 
frames per sec or 900 in. per sec 
shows the oscilloscope trace of the 
electrical characteristics for relay 
contacts superimposed on the visual 
record of the phenomenon. 

The original relay selected for an 
electronic control had been rejected 
because of contact bounce which 
was sufficiently pronotinced to cause 
recycling of the device. An im- 
proved relay was tested and ap- 


Propt ( 
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GHLIN STEEL CORPORATION (STEWA! 


peared to operate correctly as 
indicated in a conventional oscillo- 
scope record taken at 6 in. per sec. 
However, since recycling was still 
occurring, the performance of the 
improved relay was checked wit! 
the Eastman camera to record bot! 
visual images and the oscilloscop: 
trace. This record, Fig. 138 (A 

shows repeated contact bounce 
which was not evident in the con 
ventional 6-in-per-sec oscilloscop: 
record, Fig. 13 (B). Thus, time 
magnification is used to resolve this 
undesirable performance. 
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PROJECTILE PERFORMANCE 
AT GUN MUZZLE 


ertain phenomena associated 
th ballistics are self-luminous 

d tend to obscure the projectile 

der study. A projectile emerging 

m a gun muzzle is surrounded 

1ighly luminous gases which 
mpletely obscure it. These self- 

iminous effects are recorded on a 

iotographic plate regardless of 
the shortness of the duration cf the 
yaseous discharge or spark flash 
isually used to photograph such 
phenomena. 

Studies made at the Canadian 
Armament Research and Develop- 
ment Establishment utilized an 
electronic shutter, or Kerr cell, 
operating in synchronization with 
a gaseous discharge tube flash 
source. A Kerr cell consists of a 
glass cell filled with nitrobenzene 
and carrying two or more 
trodes. A polarizer and analyzer (a 
second polarizer set with its plane 
of polarization at 90 deg to that 
of the first polarizer) are placed 
on either side of the glass cell. 

This system passes almost no 
light until electrical energization 
causes the nitrobenzene to rotate 
the polarization plane of the light 
so that it passes through the analy- 
zer, thereby “opening” the cell 
shutter. Upon de-energization, cell 


elec- 
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Fig. 13. 
bounce. 


Combined high-speed photography and oscillography of relay contact 
Superimposed oscilloscope trace (A) taken at 3,000 frames per second 


(900 in. per sec) shows intermittent bounce, while conventional oscilloscope 
record (B) taken at 6 in. per sec does not reveal the bounce. 


The duration 
is electronically 


shutter is “closed’’, 
of the “opening” 
controlled and can be as short as 
0.04 x 10° sec. Notable disadvan- 
tages of the Kerr cell are small 
angular opening and large light 
loss. 

In the Canadian Armament Re- 
search setup, the manual camera 
shutter is opened and the discharge 


tube triggered. At peak flash in- 


EASTMAN KODAK COMPAN 


tensity, the Kerr cell is energized 
at 36 kv for a period of about two 
microsec, thereby passing light to 
the film. The Kerr cell shutter is 
then de-energized and the manual 
camera shutter closed to exclude 
any light still transmitted through 
the cell’s polarizers. Thus the ex- 
posure is made essentially with the 
flash illumination and the ambient 


light (self-luminous phenomena 


are initiated by contact of the projectile with the wire strung about 0.5 in. outboard of the muzzle. (Right) is a study 


of the gas cloud surrounding the projectile 
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excluded by the Kerr cell. In this 
instance, event synchronization is 
of particular importance. 

Figs. 14 (A) and (B) show Kerr 
cell high-speed photographs taken 
as a 20-mm projectile is fired. The 
projectile is clearly visible and the 
gas cloud pattern defined. Without 
the use of the special photographic 
technique, both projectile and cloud 
weuld be obscured by the latter’s 
ambient illumination. 


TECHNIQUES FOR TESTING 


ARTICULATED MEMBERS 





In evaluating artificial limbs, the 
forces the foot exerts on the ground 
during level walking are measured, 
the instantaneous horizontal veloc- 
ity of the subject’s center of 
gravity is determined and a photo- 
graphic record is made of the sub- 
ject’s gait. 

To measure the forces the foot 
exerts on the ground, a pair of 
force plates recessed in a walkway 
are supported at their corners by 
aluminum columns. Fifty resist- 
ance strain gages placed on the 
columns are connected to six Wheat- 
stone bridges that measure: ver- 
tical load, the X and Y position of 
the load, the turning couple about 
the the plate, and the 
shear forces in the ground plane 
in line with and at right angles to 
the direction of travel. These data 
are recorded on an oscillograph. 


center of 


The equipment used to measure 
the velocity of the 


subject’s center of yravity consists 


instantaneous 





Fig. 15. “Stick” figures show successive positions of artificial leg as subject walks. An interrupted-light camera wit! 
rotating disk shutter and gaseous discharge tube trigger su pplies data regarding velocities of joints and gait patter: 


of a loop of cord attached to a belt 
worn by the subject at his center 
of gravity. The moving cord drives 
a d-c generator, the output of which 
is amplified and recorded on one 
of the oscillograph channels. The 
amplitude of this signal is propor- 
tional to velocity. 

To obtain a photographic record 
of a subject’s visible gait character- 
istics, an interrupted-light camera 


is used. The subject’s legs are 
marked with highly _ reflective 
“Scotch-lite” tape which directs 


light into the camera, and the sub- 
ject is illuminated by a continuous 
light source which is interrupted 
periodically by a rotating, slotted 
disk shutter placed in front of the 
lens. Thus “stick” images are pro- 
duced, Fig. 15, by the single plate 
multiple-exposure technique, which 
traces out graphs of the phenom- 
enon upon connecting up the related 
»~oints. The time interval between 
“stick” pictures is 0.05 sec because 
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the slotted disk is rotating at 1,2 
rpm and the disk slot angle 
chosen to provide an exposure dura- 
tion of about 1/500 second. 
At the moment the 
reaches the center of his pass be- 
fore the camera, a _ photoelectr 
relay is tripped by his bedy ar 
fires a gaseous discharge tube, 
which is synchronized with th: 
interrupter disk position by ar 
auxiliary photocell. This cell is 
energized by a small electric lam; 
each time the disk slot passes the 
shutter; and through the use 
suitable amplifying and wav 
shaping circuits, it generates tin 
ing marks and trigger pulses. The 
timing marks indicating shutte: 
opening are recorded on the oscil 
lograph to permit correlation of 
the photographic “stick” pictures 
with the oscillograph traces of 
force information. 
Copyrighted 1952, 
Publishing Co. 
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Solution of the Cubic Equation 
By a Simplified Procedure 


Time-saving and practical method for the solution of the cubic equation. Use of simplified 


method requires only a knowledge of elementary algebra and the ability to interpolate 


values from included tables. Procedure covers the determination of complex as well as real 


roots. Application of procedure is demonstrated by solutions of three typical equations. 


Basis of the method is summarized to enable reconstruction of the steps in the method. 


ENNIS E. JONES 
Research Engineer 
Minneapolis-Honeywell Regulator Company 


MECHANICAL, electrical and electronic 
analogies for the solution of engineer- 
ing problems are rapidly gaining favor 
in the field of product design and de- 
velopment. The increasing use of 
these methods, to derive the relation 
between variables in complex systems, 
reflects a general acceptance of the 
proposition that the analytical ap- 
proach to a problem in applied science 
is often more productive, costs less, 
and is less time consuming than the 
experimental approach. 

Mauy engineers engaged in applied 
science, fortunately, have no dithculty 
with the mathematical reasoning re- 
quired to set up design or performance 
equations. Lack of skill, however, in 
handling the complex computations 
often involved in solving such equa- 
tions frequently discourages attempt- 
ing the analytical approach. Also, if 
the engineer is not a mathematical 
specialist, such problems are likely to 
be time-consuming and irksome. 

Some of the most common of the 
complex computations encountered are 
found in the solution of cubic equa- 
tions. Methods such as Horner's, New- 
ton's, Graeffe’s, and Sohon’s have one 
denominator in common: They re- 
quire much practice for developing 
speed and accuracy in their use. 

To overcome this drawback, the 
author has developed a_ simplified 

thod of solving cubic equations. 
Application of the method requires 
little more background than high 
school algebra. The response from 
several departments of the author's 

mpany, where the method is used, 
licates that it is a useful tool. 
On distribution of the method 
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throughout the company, it was dis 
covered that the same method had 
been developed earlier and given a 
limited yee ate the ina mimeograph« d 
leaflet. This leaflet is entitled “Solu- 
tion of Cubic and Quartic Equations ;” 
its author is W. V. Lyon of the Ele 
trical Engineering Department, Massa 
chusetts Institute of Technology 

Except for differences in terminol- 
ogy, the basic methods of the two 
presentations are identical. The scope 
and arrangement, however, of the data 
supplied for application of the meth- 
ods differ considerably. 


Method of Soluticn 


The solution involves four steps 
after the cubic equation has been re- 
duced to the form 


x + ax? + dbx + « 0 (1) 


STEP 1. Using the coefficients in Eq 
(1) evaluate the quantity 


b — (a?/3) 2) 
which is the slope of the cubic curve 
at its point of inflection. 

Step 2. The sign of the result ob 
tained in Step 1 determines one of 
three procedures: 


Case 1: (—). When the sign of the 
result from Step 1 is negative, calculate 
the value of a term designated as 1 
from 


” 
ab 2a? | a? ; 
(4 ise M4 -») GA 


Case Il: (0). When the result from 
Step I is zero, calculate the term 1 
from 


o = (a°/27) —¢ (3B 


Case Ill (+). When th 
the result from St p l is po 
calculate the term iro! 


(3 - 3 -<M- $F) 


STEP 3. For Ca 1 When the cal 
culated value of v from | q ( 3A) 1s 
greater than 0.3849, obtain the values 


of w, and uw, from the first portion of 
the accompanying Table Il. When 
from Eq (3A) is equal to or less than 
0.3849, obtain values of 4,, #» 
from the second portion of Table Il 
Values of uw terms take a negative 
sign when the sign of ¢ 


For Case Il. Using the calculated 
value of v from Eq (3B), calculate 


and Ne 


iS m gative 


u \ } 
u 2 l v 

where V l { 
u “ l rN i 
For Case Ill. Using the calculat 


value of v from Eq (3C), obtain th 
values of w, and a, from Table III 
Values of w terms take a negati 
sign when the sign of v is negatiy 
SreP 4. For Case 1: When the cal 
culated value of » from Eq (3A) 


greater than 0.3849, calculate the root 
X,, Xo, and X, of the cubic equat 











When 
from | } ( 3A) 1s equal to or less than 


the calculated value of 1 


S49 cal ulat 


the roots x3, Xo, and 


7 X. of the cubs equation from 
\ “i Va _ (a/3) (SD) 
lie WV a 5! 
Ma WV a SI 
For Case Il. Using the values of ay, 
us, and ws as calculated from Eqs 
(4A), (4B) and (4C) calculate the 
roots X,, Xs, and X, of the cubic 
equation from 
\ y 6A) 
xX? u (a/3) 6B 
\ : 6C 
For ( l/l, Calculate the roots 
X,, Xo, and X, of the cubic equation 
rom 
\ a) V 7A 


EXAMPLE 1] Find the roots of the 


tuat 
juation 
22 T 140 0 


OLUTION 


STEP 1. Evaluate the quantity 
30.3333 


Pati vn 


of this quantity 
equation as Case | 


140 | + 


STEP Since v 1s greater than 0.3849, 
obtain values of w, and uw, from Table 


II for v equal to 0.564, then reverse 


signs of u, ard uw, because v is nega- 
tive. 

% = — 1.2107 

u= -0 3146 
Step 4, Calculate the roots X,, Xo, 


and X,; from Eqs (5A), and (5B) 
and (5C). 


xX = uy Vv (a*/3) —b-— (a/3) 
= — 1.2107 ¥v [(—5)*/3] — (— 22)— 
(— 5)/3 
— 500 


184 





Vv ((— 5)2/3] — (— 22) —(-5 
= 5.00 + 71.732 


Since complex roots occur in con- 
jugate pairs, Xz could be written im- 
mediately by reversing the sign of the 
j term of Xo. 


EXAMPLE 2. Find the roots of the 
cubic equation 

P= 324+ %47 a8 
SOLUTION 


Siep 1. Evaluate the quantity 


~ (0/3) @ 3 3)2/3} = 3 —3 =0 

Since the value of this quantity is 
zero, the cubic equation is identified 
as being in Case II 


Step 2. Evaluate Eq (3B) 
t (43/27 33/27) — 7 5 


Step 3. Evaluate Eqs (4A), (4B) and 
(4C) 


’ 2; 
uy Vv Vv 5 - 
a iu 2 { ] +7 V3 
2/2 1 v3 1—iv3 
a : 
Us (u,/2) (—1 13 
2/2 l 1 w3 1+ 7 v3 


Again, 4; could have been written 


immediately as the conjugate of nw. 
Calculate the 


Step 4 roots X,, Xo, 


and X; of the cubic equation from Eqs 


(GA), (6B), and (6C) 
XxX; uj a/3 
=—2— (—3/3 l 
X: = u — (a/3) 
=(1—j; v3 —$/3) = 2~ 3 ff 
Xx; = Ug — (a 3) 
(l+j V¥3)— (-—3/3) =2+j WV3 


which is seen to be the conjugate 


of Xo 


EXAMPLE 3. Find the roots of the 


cubic equation 
x — 5x2 + 14x — 24 = 0 

SOLUTION: 

Step 1. Evaluate the quantity 
b — (28/3) = 14 — (—5*/3) = 5.6667 
The plus sign of this quantity :den- 
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the cubic equation as (¢ 


Step 3. Obtain values of a, 
from Table III for » equal to ( 


My 0 5601 
1114 


us = | 


roots X 


‘ 


Calculate the 
and X, from Eqs (7A), (7B 


dle p + 


(7C). 
X, = 4, Wi q?/3 a/3 
= 0 5601 v14 (—52/3 
= 3 
ms u . > 
Ys t jn) - 


( oe 31 iis) 


V14 - 2/3) — (—5/3 
1 — j 2.6456 


Since complex roots occur in 
jugate pairs, Xz could have been o 
tained immediately from X» 


Calculation of Precise Values 


The values of the w terms given | 
Tables II and II] were computed fro 
the following equations. These « 
tions can be used to increase the 
gree of precision of the method 
yond that attainable from us 


Tables II and III 


Case I: For values of v greater t 
0.3849, calculate values of w, an 
from 


‘ | 
| 2 


“= : y 3u;*— 4 


GF] 
, \(+ 





NmIS 
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eS 
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mR ome 
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values of wv equal to or less 
0.3849, calculate values of 


and irom 


\ 


- 
“— 7 
a 7 
12 Psp 
J 


~ 
~ 


- ao 
ae? 
Pa 


Calculation of Approximate Values 


When the calculated value of 1 
om Eq (3A) or (3C) is too 
found in Tables If and IIL, 
lose approximations for the value of 


the # terms can | 


large to b 
calculated from: 


Case I: For values of v greater than 


), approximate values of and wm, 


Case Ill: For values of v greater than 
230, approximate values of #, and 7, 


tu = V1 + (3u,*)/4 


When the calculated value of 1 
from Eq (3A) or (3C) is smaller 
than 0.100, approximations for value 
of the w terms can be calculated from: 


ae? 2 8 2 
Ue 
- 302 
“w= -—l1-4 < 4 2 4 . 
Case Ill: 
uy = + (9 — &) 


uy = : \' + 3u;* 
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Basis of the Method 


For economy of space, the derivation 


of tl 


he method is not presented in this 


artic Interested readers, however 


may reconstruct the steps in th 
method from the following summary 

1. With the cubic equation stated 
in the form of that of Eq (1), d 


termine the coordinates of th point of 


terms of new coordinates in refer 
to new axes that intersect at th point 
of inflection of the cubic curve 

Three distinct cases arist Each is 


identified by the sign of the slope ot 


the cubic curve at its point of inflex 


3. Case I, When the slope of th 
curve at the point of inflection is nega 
tive, an appropriate change of scal 
1s made such that the abscissas w and 
the ordinates » referred to the new 
axes have the relation 


When the slope of tl 


point of inflection is 


~ 


curve at the 
zero, the abscissas w and the ordinates 

referred to the new axes have the 
relation 


5 
4 


( e lll When the slop« of the 
curve at the point of inflection is posi- 
tive, an appropriate change of scale 
is made such that the abscissas w and 
the ordinates » when referred to th 


new ax hav tin Tt yllow I | ition 
o= &u le 

Sil t] to y 
value of x thet co spond 1 val 
ue of w, and to y value o ther 
corresponds a value ot the th 
roots X nd X. of the « I 
eq on correspond to the th Val 

of w tor the value of v that cor 

rcspol 5 to iual to z ro 


jual t hy her o ip 
( . th ) 1 uation oO l 
t le o ilculated po of the tr 
to 1 uation, ther ca lo 1 
thr valu Ss ol wtor y equal to zero 
that yield the three roots X X. and 
of the original equation. Morcover 
the nature of # (whether real or cor 


1 
plex) is the same as that of X. Con 


sequently, if only real roots are desired 
the con plex value Ss of may } d < 
carded 

The results of the foregoing pro 


cedure are given in Tables II and Il 
Access to an IBM calculator enabled 
the author to extend his procedure to 
provid for the determination of com 
With th 
calculator and using Eqs (8) and (9) 
the values in Tables II and III were 
computed for values of » at intervals 


plex as well as real roots 


that provide maximum facility of in 
terpolation. The range of Tables TI 
and III is broad enough to cover all 
cases in which tables yield zreater 
accuracy than can be attained by ay 


proximation methods 


Table I—Relation Between Cubic Equation and Transformed Equation 


Cubic equation ha the f 


7.3 
ia a 
7 2 ' 


II! x *y 





rn } tL. bx 4+ 0 
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EDWIN DREWITZ 


Design Consultant 


, From the customer’s point of view, the most 
important parts of a control device are the 
external, visible elements. Regardless of 

what else he must understand about the 

machine, appliance or other product, he 
must be able to operate its controls correctly 
and with dispatch. Thus, simplicity can be 
just as important a design factor as function. 
This includes reducing the number of differ- 
ent elements that must be adjusted or inter- 
preted as well as reducing the possibility for 
destructive error. Several solutions to speci- 
fic control problems are shown to suggest 
how this simplification can be combined 
with improved overall appearance and 


one bold stroke. 


lower costs—often in 


COMPACTLY GANGED RHEOSTAT and potentiometer 
le a means for adding the convenience of single 
ontrol to multi-function elements. Units are available 
with integral on-off switches (A) or ganged combinations 
for single knob dire several functional elements. 


units provi 
knob ¢ 


tion of 
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SINGLE ELEMENT CONTROLS are the simplest f 
of control devices. They provide only one function, service 
or solution and can often be designed as fixed instruction nS? 
plates. Camera (A) features a stationary etched and color id 
filled exposure calculator that graphically illustrates 








BY REDUCING the number of separate controls necessary, 
twin clement types cut costs and promote sales. Thus, th A 
TV industry is minimizing controls on receivers. A by- ‘ 
product is the concealment of secondary knobs at th 
rear of sets or under decorative escutcheons as above. 








Slip type ganging collars (B) facilitate individual phasis 
when greater flexibility is desired. Completely independe: 
settings of several units can be accomplished with coax 
shafts. These rheostats have been designed to be usc 
interchangeably in single or multiple types of installation 
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essary, 


us, the 


A by- 
at the 





asif 
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nt light conditions and supplies the correct lens open- orientation against the fixed central disk 


ngs for both color and black and white film. Design (B) rule scheme shown at (C) is another approach \ 


adds more light and diaphragm combinations and a_ of twin etched plate design, this introdu 
arate moving member for easy rotary slide rule opera priate cutouts, only one set of exposure sol 
The outer disk has raised finger grips to facilitate Selection is made by use of the fir 


Lithographed dial 








Contrest colored poper 
background for 
opening in 
beze/ 


Si/kscreened luminescent 


morkings Fostening 












Drown and 
polished brass 
beze/ 











Felt gasket 
for glass 


olarm setting > 
dio/ 

Dished edge to_A 

simulate moss 


aumera/s 


ALARM RADIO shows how elaborate and apparently plastic material, the dial has a narrow 
omplex dial structures can be fabricated of numerous periphery into which an inexpensive print 
simple stampings, each marked and colored by different inserted. This reduces tooling and procu 
processes for maximum contrast. It also introduces an inex- as permits modifications and/or appearat 


pensive but attractive tuning dial. Molded of transparent made with comparative ease and negligi 


ee ee 


N INDEXING SCHEME should be used to lock the device. The setting is not affected by 
selected control setting when vibration is a consideration or winding knob. Conversely, readjustment 


a positive guarantee against accidental misalignment is element does not disturb the knob's seiting 
sired. Illustrated is a twin element film advance knob in many cases, is a reverse, push type releas: 


it features a built-in, independently adjustable memory with a compression spring (continu 


-* 
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Simple Controls Have Sales 


GENERAL &@ ELECTRIC 


‘ 
go Ne, 
i 


—_ 


SPEED CONTROLLER 
MADE MUSA. 


| 
| | 


cs 





CAST, RAISED MARKINGS on this 

dustrial type control are 
sanded contrast. The 
moveal | and sanded 


>} eed 
for maximum 


pointe r is cast 





TWIN ELEMENT CONTROLS have direct 


Appeal (continued) 


cover 













N 


Mechanisms 7 
move as shown 

by arrows when 
grid 8 is closed 


MECHANICAL INTERLOCKS improve operation of this exposure met 
hinged grid compensates for the difference between reflected and direct 
push button (A) lowers grid (B) to expose photo cell (C) to full illumi: 
Spring loaded interlock (D) rotates scale (E) a set amount 





The 


aids 


THESE control knob position. exposure meter uses 
(see arrows) to improve legibility and accuracy. Con- olor blocks in the same way. Als., excessive pat 

stingly colored lines on the radio panel connect each can be distracting and cause errors; pointers should 
of the four scales on the dial with the corresponding markings as close to the line-up edge as possible 





ANOTHER FORM of 


nation interval timer and cycle 
washers 


control. 


with a universal, single-knol 
gizes the main operating circuit 
192 


twin element device is this combi- 
control 
Varying degrees of automatism are accomplished 
A snap switch ener- 
and 


mechanism ; 
shaft, as shown, for starting and stopping the cycl 
operations. A push on the dial activates the control; 
inned shaft riding up an incline eventually returns 
nol » to the outer off position. A pilot light is also inclu 


for automati: 


an electric clock 
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a push-pull switch is coupled to the d 
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rect 
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THESE SINGLE ELEMENT controls are intended operation 


sales features, they are accentuated to become the focal Note that 


ints of the entire units. Establishing ideal speed settings ferent unit 


or different mixing duties not only promotes efficient the rotary 


| 
Lighted ond colored 
pushbuttons 


EQUALLY IMPORTANT as the functional simplicity of a control 
is its Optimum location. This is particularly true when a series of 
different elements are required to operate a unit such as this automatic 
electric range. Maximum efficiency is assured by grouping all controls 


i re oan tk ‘ f 





THE TREND toward single control centers is also apparent in auto- 
mobile dash designs. Several instruments are often housed together 
Thus, attention is riveted to one unit and all pertinent instruments are 
read at a glance. Unitized centers are also easier to illuminate; diffused 
lighting can be provided by acrylic rods that pipe light 
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also Sugvests reasons [for | ying x¢ 
two manutacturers use fundamentally dif 
accomplish the same _ result | (A 
used, in (B) a sliding kno 
HINTS FOR DESIGNING 
MULTIPLE CONTROL UNITS 
l All controls should be positively iden 


tified and each related to its nameplate or 
marking. This is especially important when 
several similar push buttons or toggle levers 
are grouped closely together. Whenever pos 
sible, integrally marked push buttons should 
be used. Color coding the button or lever and 
its marking, or providing a decorative barrier 
or other distinctive area around each contro! 
and its plate are effective alternates. Colored 
pilot lights that indicate the on, off, or other 
condition of primary controls are also good 


sales features 


2. When more than one rotary knob or 
reciprocating lever is used in the same control 
package, they should operate in the same 
direction—the proper direction indicated by 
an arrow or similar device 


3, Avoid the need for more than one con 
trol station. Separate locations are often re 
sponsible for memory lapses and confusion 
on the part of the operator. Also, for maxi 
mum efficiency, group all controls in a con 
venient, completely visible location 


{. Select finishes, textures, and decoration 
processes that will stand up. This is particu 
larly important on industrial equipment. Inte 
gral markings are better than separate dial 
plates that can get loose or rub off 


5. When designing for a tight price, evalu 
ate all control components individually to 
get the maximum value and/or effect from 
each. For example, scales, indicators or dials, 
that are covered by a transparent window, 
can be fabricated of lighter gage materials 
and decorated by the less durable, although 
more versatile and economical printing pro- 
cesses. Savings, in turn, can be scene fe 
more serviceable external elements that can 
be created in three dimensional plastics, acid 
etched metals, or die struck relief 
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Fig. 





U. 8. Rubber Co. 


i—Industrial parts molded, extruded or fabricated from rubber-styrene 


copolymers include ducts, piping, battery cases, trays and textile and electrical parts 


New High Impact Styrenes 


POLYSTYRENE’S WEAK 


nyincering 


SPOT in many 
applications has been its 
Recent efforts by 
plastic manufacturers in blending sty- 
with rubber have produced com 
pounds with much _ higher 
trength as well as greater ductility 
! improved low temperature proper- 
tics. The light weight, high heat dis 
tortion point, chemical stability and 
good pro essing characteristt S of 
polystyrene are generally retained 
The Bakelite Company and the U.S 
Rubber Company have been very active 
in this field and each has recently 
produced modified styrenes with high 


low impact strength 


rene 


Tr 
im} act 


impact strength. Their propertics ar 
listed in Table I 

The increase in impact str ngth ol 
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tained by modification is appreciable— 
up to six times that of regular poly- 
styrene. However, in designing with 
these modified styrenes, other effects of 
modification must be considered. 

The specific gravity, heat distortion 
point and flexural modulus are not 
seriously affected. Consequently the 
modified materials retain the advan- 
tages of light weight, good heat re- 
sistance and stiffness. 

Properties that are affected adversely 
are tensile strength, flexural strength 
and water absorption. Tensile strength 
and flexural strength are only about 
half of regular polystyrene, although 
satisfactory for most applications in 
view of the gain in impact strength. 

The much higher water absorption 
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of modified materials adversely affects 
dimensional stability and_ electrical 
properties. This property must be co: 
sidered in design of parts to be e 
sed to moisture. Tolerances can not 
e held as close because of the dime: 
sional change that normally accor 
panies the absorption of moisture. 
The chemical resistance of the ru! 
ber-modified polystyrenes is in gener 
similar to regular polystyrene althoug 
not identical. A careful check « 
chemical resistance should be ma: 
prior to selection of the material. 
For out of doors weathering resis 
ance, the rubber modified materia 
are slightly poorer in the unpigment« 
state than polystyrene. There is litt! 
difference between modified and ur 
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Table I—Properties of Regular and Rubber-Modified Polystyrenes 








Bakelite Co. Materials Material 
Polystyrene QMS-151 QMS-152 QMS-155 Kralastic J 
Specific Gravity Ey eee ee Ee , 1.08 1.05-1.10 1.05-1.16 1.05-1.10 1.015 
Water Absorption 24 hr., percent.}| 0.03-0.04 0.12 0.12 0.12 0.3-0.4 
Heat Distortion Point, F........ 180-190 178 178 183-187 170 
Tensile Strength, psi........... 6 ,000-9 , 000 3,500-4, 500 3, 800-4 ,500 4,500-5 ,000 2/100 
Elongation in Tension, percent 1.5-2.7 10-25 10-20 10-30 
Strength, psi........... 10,000-15,000 6,000-6,500 6 ,000-6 , 500 6 ,000-7 ,000 $,400 
Flexural Modulus, psi x 10™*..... 300-350 300-350 300-350 200-250 140 
Impact Strength 
, ft-lb./in. width 25Cj 3-6 15-20 15-20 20-35 
Charpy, ft-lb./in. width —25 C. 4-5 10-30 20-35 
Izod, ft-Ib./in. of notch 25C.| 0.25-0.60 1-2 1.5-2.5 2.51-10 6-7 
Izod, ft-Ib./in. of notch —20C. .3-.4 41.1 0.88-2.10 6.0 
—40C. 5.2 
Power Factor 
60 cps, 10° cps, 10° cps......... 0.001-0 .003 0.0007-0.606 0.0007-0.004 0.0024-0.0028 
Dielectric Constant 
60 cps, 10° cps, 10° cps........ 2.45-2.70 2.79-2.85 2.79-2.82 2.67-2.73 4.00-4.05 
Loss Factor : 
60 cps, 10° cps, 10° cps........ 0.00025-0.001 0.002-0.019 0.002-0.011 .006-0 .008 
Dielectric Strength, volts/mil 
ON AS <> eee 485 47i 446 
Step by Step................. 400-600 437 449 434 340 
Volume Resistivity, megohms 8 .3x10* 8. 2x10* 8. 2x10° 
Surface Resistivity, ohms. ....... 2.8x10° 2.7x10° 2.8x10° 











The advantages of light weight, good chemical resistance and excellent process- 


ing characteristics of polystyrene have often been dampened by its poor impact 


strength. New styrene-rubber blends show marked improvement in toughness 


nodified polystyrene in the opaque 
pigmented types. The use of a weather 
resistant coating on pigmented sty- 
renes, both modified and unmodified, 
should improve the applicability of 
other materials for out-of-doors serv- 
ice. A plastic with a weather resist- 
ant coating should certainly stand up 
etter than painted steel since it would 
be much less subject to deterioration in 
ase of coating failure caused by me 
hanical damage or improper applica- 
tion 


Specific Materials 


Bakelite’s rubber modified polysty- 
renes are designated as QMS 151, 
QMS 152 and QMS 153. 

QMS-151, which is available in a 
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variety of opaqui colors (whit 
black) is a general purpose high-imy 
material since it can be molded at 
higher rate per machine than the other 
and is suitable for a wide varicty of 
applications between 20 F and 110 | 
The toughness of this materia! is ind 
cated by its high elongation and high 
modulus in tension, and its good 
Charpy and Izod impact strengths. In 
the flexural test failure is due to bend 
ing, further indicating the toughness 
of this material. Practically, the tough 
ness is apparent by the manner in 
which tensile test specimens can be 
bent. Extrusion plasticity data indicate 
QMS 151 to be the most free-flowing 
of the three compounds 

QMS 152 was developed ror us 


1952 


gid pipe and fittings ind is currently 
ivailable only in black, It 1s superior 
to QMS 151 in toughness at both roor 


se 


rature and sub-zero temperatur 


Its extrusion characteristics are excel 
lent and its injection molding chara 
ter stics good although it 1s not as itr 


flowing as QMS-151 Black 
ter and molded 
pipe fittings were produced fron 
QMS-152 | 

OMS 155 1s by far the tor chest ot 
the three Bakelite high-impact polysty 


s as indicated 


n to 6-inch in dian 


by its high not hed 
Izod impact strength, Charpy impact 
streneth, low modulus of elasticity and 


tat to abusive mechanical t 


t room temperature and sub-zcro 


ratures It has excellent 
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Fig. 2 





The Bakelite Co 


(Right) Inner door panels for refrigerators are molded with a minimum wall 


thickness of about 0.100 inch and withstand repeated door slam tests. (Left) Extruded 
pipe of high impact styrene is light weight and is easily machined and threaded. 





Fig. 3 





The Bakelite Co 


The toughness of extruded styrene-rubber pipe is evidenced by its ability to 


resist cracking when squeezed and twisted in a vise, even at low temperatures. 


trusion and molding characteristics 
though requiring slightly higher mold- 
ing temperatures and pressures than 
(MS-151 The superior practical 
toughness of QMS-155 was demon- 
strated by ball drop tests and vise 
squeeze tests, Table I, on extruded 
tubing of QMS-152 and QMS-155 at 
normal room temperature and sub-zero 
te mperatures 

QMS 151 ts suitable for molding 
large parts with a relatively thin cross 
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section, such as a refrigerator inner 
door panel. This part, Fig. 2, can not 
be molded from the 155 material 
even with increased injection pressures 
and longer molding cycles. QMS-155, 
however, can be used for relatively 
large parts if the cross section is not 
too thin. Refrigerator door frames 
Fig. 2, were successfully molded from 
latter. A much higher cylinder tem 
»,erature and cyt le time was required 

U. S. Rubber’s latest development 





in rubber plasticized styrene is d 
nated as Kralastic J and is espe 
applicable at low tempe ratures 
While 
properties of rubber-styrene comp 
tions it has the added advantag 
retaining S at temperatt 
as low as 10 to 50 C or 
to —122F. Its impact strength at \ 
ous temperatur¢ 


maintaining the 
its toughn 


s 1s shown in Tabl 
There is only a slight drop in im, 


‘t 
stre ngth trom 25 C to iO © 
Fields of Application 
The toughest grades are extrud 


to pipe and nttings or tubing for u q 
wells or farm water supply. 7 
toughness of 0.8 inch tubing with 
0.125 wall thi 
by its ability to withstand a 70 to 
percent reduction in a vise, Fig 
without cracking—even at —S5F. Ao 
pound ball dropped 80 inches onto t! 
tubing failed to crack it. Modified st 1 
rene pipe is light and easy to hand 
and can be machined and threaded « 
the job, resulting in savings in lab 
and installation costs, One hundred fect HC 
of one-inch pipe weighs only 14 | spe 
compared to 168 Ib for galvaniz 
steel pipe. 
Refrigerator 
jection molded, blow 
from sheet. These parts include inn 
door panels, door frames and trays 
Battery cases injection molded fro 
thes readily withstan 
rough handling even at low temper - B 


kne SS Was de monstrat 


parts are readily 
swedged or 


compounds 


tures ( 


Other appli 


ations includ stro 


wall moldings, toys, containers, duct W 
housings for mechanical and electric | 
Small 
such as cams and ge 


able for thes« 


components mechanical iter 
ars ar Iso suit 


materials 


Table II—(a) Height of Drop of 1 Ib 
Ball to Crack Extruded Tubing 0.8 in 
Diam. x 0.125 in. Wall Thickness 





QMS-152 }QMS-155 


30-40 in 
10-12 in 
6- 5 in. 
2—" 4"in. 


80 in 
80 in. 
35 in 


4-6 in 











(b) Reduction in Jaw Opening Before 
Cracking When Tubing 0.8 in. Dia. x 
0.125 in. Wall Thickness is Squeezed in a 
Vise 





QMS-152 ]QMS-155 





At Room Temperature] 30-50% } 70-80% ' 
Ar OC 20-40% | 70-80%, 
Ar -—15C 15-30% | 70-80% 
At —23C ‘ 15-25% | 50-80% 
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HONEY BEE is the first all metal one passenger light weight airplane. Weighing only 550 Ib, the craft has a maximum flight 
speed of 120 mph and can climb at the rate of 1,100 fpm. Beecraft claims the airplane was designed and built in 60 days 


Designers Find New Ways To Use Aluminum 


DESIGNERS HAVE ADDED two new 
firsts” in the application of aluminum 
production figures of the light 
tal continue to spiral. Recently 
Beecraft Associates, Inc., San Diego, 
Calif. announced the construction of 
first all metal, single place, light 
eight airplane; while Grimston Astor 
Limited of England has completed the 
t all aluminum 60 ft ship 
Called the Honey Bee by its design 
rs, the new airplane weighs only 550 
pounds, has a 27 ft wingspan, and is 
17 ft long. A 65 hp engine powers 
the aircraft ai a top speed of 120 mph 
Cruising speed is 110 mph at an alti 
tude of 2,500 ft and the rate of climb 
s 1,100 fpm. 
Despite several design innovations, 
Beecraft claims it took only 60 days 
design and build the first Honey 
B The airplane has an all-alumi- 
n stressed skin, an unusual spring 
| tricycle, landing gear, and a but- 
fly tail, Rudder pedals also steer the 
wheel, and a hydraulic braking 
ystem is incorporated for landing 
Beecraft anticipates that the new 
raft will be particularly useful for 
order, forestry, oil line, and wire 
trols, as well as for individual busi- 
ss and pleasure flying trips 
Grimston Astor built the M. Y. 
fonquin to demonstrate possible ma- 
uses of stressed aluminum skins 
ilar to those used in aircraft 


They shaped and joined the light al 


S 
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loy sheet that make up the hull in th better resistance to marine o 
flat state and adbed the transvers than conventional material 
members. Then they pulled the sheets Because of this new h 
into shape so that resilience was im travels 1 nautical miles 
parted to the skin by the strain energy of fu 1 at the normal 
retained in the structure. Grimston of 12 knots. The twin Fod 
Astor calls this technique the “two develop 104 hp at 1,800 rpm for con 
way tension’ system of construction tinuous serv ind ar pa le of d 

In addition to reducing the dis veloping 120 hp at 
placement of the ship, the skin hull is — termittent s 
re sponsible for consid rable operating Aluminur 1 for shit | Oat} | u t it 
economies. In tests conducted for th biggest impetus from designers of th 
British Government, the Tonquin trav U.S.S. United States when details of 
eled over 13 knots using half th that ocean liner were released. How 
power and fuel required by a wooden ver, the Tonquin not only ha 
ship of the same size and design tensive use of aluminum on th t 
Another advantage claimed for th rior, but it is the largest sl ifloat 
light metal hull is that it displays with an uluminum skin hull 

” 





M. Y. TONQUIN is the largest ship ever built with aluminum skin hulls. Extensive 
use of aluminum inside and outside reduces displacement to 14 tons 
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TELETYPE | i. _ MONITORING \\ 3 
PRINTER OSCILLOSCOPE \ 
SCHEMATIC LAYOUT OF RAYDAC indicates locations of various parts in this new giant calculator. Electronic circuits us 
5,000 miniature vacuum tubes and 18,000 germanium diodes. Scientists will use computer to analyze guided missile flight problems 


More New Computers to Solve Defense Problems 


U. S. Mitirrary AGENCIES are continuing to lean heavily magnetic tape so that the computer can obtain access t 
on automatic computers to solve complex mathematical stored information. As a result, for a computation, the 
problems brought about by the trend to automatic weapons machine has access to 2,800,000 stored decimal digits 
(Product Engineering, August, p 186). The two latest information is stored in the internal memory in th 
additions in the field are digital computers: RAYDAC 
(Raytheon Digital Automatic Computer ) was built by the 
Raytheon Mfg. Co. for the U. S. Navy Bureau of Aero- 
nautics to analyze guided missile flight problems; “Tele- 
plotter’ was developed by the Naval Ordnance Laboratory 
to augment present computer equipment 


RAYDAC is capable of being programmed to solve any 
problem in the ficld of numerical mathematics or of 
processing data in accordance with any logical system. It 
is composed of seven major units: clock, central control, 
irithmetic unit, internal me mory, external memory, hunt 


unit, and operator's console. In addition as separate equip- 
ment there is a problem preparation unit and an output 
printer 

This computer is of the four-address type, using serial 
transmission of digits, serial parallel acoustic mercury 
delay line internal storage, and having a basic pulse repeti- 
tion rate of 3.77 megacycles per second. The machine 
operates in the binary system with a basic precision of 
thirty-one binary digits including the sign. The word 
length is thirty six digits; the remainder are used for 
checking 


The external memory consists of four tape handling 
mechanisms, cach of which can store 700,000 characters CLOSEUP OF EXTERNAL MEMORY as technician threads 


in 3,150 blocks. Each block im the external memory has one of the four magnetic tape recorders capable of storing 
an address printed in binary code on the reverse side of the 700,000 decimal digits in 3,150 easily accessible blocks. 
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rm of ultra-sonic pulses in mercury ‘delay-line’’ columns. 

[he pulses represent actual numbers previously fed into 
1¢ internal memory automatically and circulate within 
he confines of the delay lines 200,000 times per 

unute, until they are called out to be used as factors in a 
alculation. Despite the large storage capacity, the internal 

emory ts about the size of an ordinary shoe box 

The Computer is self sequenced so that the end of one 
operation initiates the next. Ops ration times Vary depend 
ng on the operation to be pertormed and for some opera 
tions, the operands. Computation of a typical problem 
proceeds at the rate of about 1,600 Operations per second 

Specifically, RAYDAC can perform 1,900 additions 
1,900 subtractions, 1,100 divisions, or 1,400 multiplications 
per second. 

One unusual feature of the computer is a built-in “check 
and double check’’ system. A check pulse indicating correct 
operation must be delivered to the sequencing circuits 
before computation can proceed. Transfers of words within 
the machine are checked by means of a transfer weighed 
count process and arithmetic operations are checked by 
means of identities operating on arithmetic weighed counts 

On the operator's console there is a directly connected 
srinter for viewing intermediate results, as well as key- 
oards for manual entry of data and instructions. The 
operator can view any word located in any register or 
storage position in the computer. 

Information is put into the computer on magnetic tapes 
that are prepared from paper tapes punched on a modified 
teletype machine. The output unit is a modified teletype 
printer with manual and automatic format controls to per- 
mit printing results direct from magnetic tapes. 

While RAYDAC is a giant-size calculator (it’s 44 ft 
long), original plans had it much bigger. The use of 5,000 
miniature vacuum tubes and 18,000 germanium diodes 
permitted Raytheon to make the computer room-size instead 
of building-size. However, the miniature tubes require a 
cooling system that uses enough refrigerant to cool 50 home 
refrigerators. 

Here’s how guided missile designers will use this ma 
chine: When the guided missile is launched, ground radar 
stations will record its speed, altitude, and direction on 
high-speed recorders. Inside the missile, miniature trans 


TELEPLOTTER developed by Naval Ordnance Labora‘ory plots 
digital solution to problems. About desk size, the newest com- 
puter contains 600 electronic tubes and cost about $15,000. 
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mutters will send out ) ition oO Ie SI \ 

it 1S using up its fuel, the ten perature of the mussil 

engine, it's angle of ascent and descent and other data. All 

this information will be coded and fed into the con put 
Instantancous solutions of flight problems will enabl 

the designers to analyze the flight as it pro ls tead ol 


waiting 20 to 30 days tor manual calculat« 


Raytheon spokesmen feel that RAYDAC | f 
future than just analyzing guided missil problems. They 
visualize its use for such operations as predicting weath 
conditions days in advan to a high di gree OF accuracy 
and performing tedious clerical operations of insura 
companies, banks, tax burcaus, and business in general 


NOL Machine Plots Digital Solutions 


Computing facilities at the Naval Ordnance Laborator 
have been expanded by the addition of the “‘teleplotter 
the first installation in the country that automatically 
digital solutions for many different kinds of probl 
The machine automatically plots six distinct kinds of 
sults as t'ey are computed by other electroni ’ 

Built by the Telecomputing Corp., Burbank, Calif, th 
new machine is about the size of an ordinary office desk 
and has 600 vacuum tubes. 

This is how the Navy scientists will fit the teleplotter 
into their present computing setup 

Data and instructions will be fed into the control unit 
of their present CPC calculators. The data will then go to 
the cinidien unit where the operations will be performed 
The results will be transmitted to the card output machine 
where they will be punched on cards or sent to the tele 
plotter where they are plotted. Scientists claim that th 
plotted data is much easier to inte rpret than that on print d 
cards or sheets 

One use NOL plans for their new machine is to plot 
trajectories of missiles to tell whether the missile will be 
stable and to compute the path of the yaw without actually 
firing the missile 

It also can be used to plot velocity and pressure waves 
resulting from the detonation of explosive charges, and plot 
pressure profiles. NOL claims that the new machine will 
reduce data inte pretation tin by 


] , 
pew 


a whopping 90 percent 





NOL COMPUTING CENTER. Data is fed into controlling 
unit of computer (front left), is transmitted to calculating ma- 
chine (left rear), and then to teleplotter (right) 
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CHNICAL NEWS 


Processes: Photographic Imprint Saves Man-Hours 


BeL_t AIRCRAFT CorpP., BUFFALO 
N. Y., has dev loped a method of 
printing numbers, letters, and symbols 
photographically on bare surfaces of 
steel, aluminum and plastic parts. Bell 
claims the ncw process 
clearer and more uniform result as 
well as substantially reducing the tin 

required to manually print the in 
formation with pen or stamp. 


In this | roc 


provides a 


ss a new developer and 
(K&E made by 
Keuffel and Esser Company is used 
K&E +3053 has thre 


olution A for scns 


nsitizer +3053) 
components: 
tizing, and solu 
tions B and C for d veloping. 

Here is how Bell prints information 
on hann¢ Is and chassis 

Leroy drawings of the part to be im 


printed are made on vellum. Informa- 


tion is positioned to allow clearance 
for grommets, tinning, bolts, and 
rivets 

The drawings are copied photo- 
graphically and positives are made 
from the negatives. Each positive is 
placed on double-backed cellulose tape 
so that absolute contact with the emul- 
sion is made. The tape is longer than 
the positive so that it can be easily 
aligned and remov< d 

Sensitizing solution is sprayed on 
the surface of the part. A coat of 
medium thickness is adequate as long 
as it completely covers the surfac¢ 

The emulsion is then dried by infra 
red lamps in five minutes, or in air 
for 20 minutes 

After the emulsion is dry, the posi 
tives are positioned on the part and 


applied with a slight pressure to make 
the cellulose tape stick 

Imprinting is done when the emul 
sion is exposed to fluorescent tubes or 
photoflood lamps. 

To develop the image, a mixture of 
solutions B and C applied on cotton 
is wiped across the exposed surfac« 
While the surface is still wet, it must 
be handled carefully since pressurized 
air will remove the emulsion 

The dried image is permanently pro 
tected by spraying with a solution con 
equal parts of 3M-77 
cement (made by the Minnesota Min 
ing and Mtg. Co.) and MEK 
(methol, ethyl, and ketone). This 
coating will protect the printing fron 
chemicals usually found around a plant 
and will also serve as an insulator 


pose d ot 





NEW PROCESS prints information on metal and plastic parts. 
Here positive print of information mounted on cellulose tape is 
positioned over sensitized surface of aluminum channel. 


rps: 


DEVELOPING is done by wiping with a piece of absorbent 
cotton soaked in a mixture of K&E #3053 solutions B and C. 
Then part is rinsed in cold water and no darkroom racilities are 
required. Emulsion is an autopositive, unaffected by temperature. nel 
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EXPOSURE by 24 photo-flood lights for ten minutes transfers 
information onto emulsion. The process will reproduce half 
tones, and can use incandescent, or fluorescent light. 





FINISHED PART is protected with a spray. This channel had 
122 five digit numbers printed on it at one time with the new 
process. Figures were laid out to miss the 85 holes in the chan- 
If necessary, methanol will erase the printing. 
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Steel Strikes 
Cost 20 Million Tons 


i 4SHINGTON—The recent eight- 
k steel strike and the two stoppages 
April cost industry 20,000,000 tons 
tel, almost 20 percent of the an- 
vated output for 1952. In dollars 
roduction and wages, the cost will 
from one to four billion dollars. 
As a resnlt, the National ?roduc- 
Authosity has shelved plans to 
ontrol steel Now it is doubt- 
if steel will be plentiful until 
ril of next year, and full decontrol 
inot be expected before the summer 

1953. 

Serious byproduct of the strike was 
curtailment of iron ore shipments 
rom the Great Lakes Region. This 
shortage will not be felt until mid- 

winter when the Great Lakes freeze 

up and stop shipments. Some steel 
people predict that the mills will have 
to cut down to less than 85 percent 
ot « apacity because of an ore shortage 

But despite production losses, NPA 
plans to boost self-authorization limits 

on carbon steel from 60 tons to 500; 

on alloy, from 16 tons to 90: and on 
ickel-bearing stainless steel from 500 
lbs to 10,000. Such a regulation is 
now being drafted and will go into 
effect in January so that most small 
ind medium-sized manufacturers will 
buy steel without CMP tickets 


_ 


$30,000 Design Awards 


THE JAMES F. LINCOLN Arc WELD- 
ING FOUNDATION OF CLEVELAND, 
OHIO has announced a new competi- 
tion for designers, engineers, and 
manufacturers of machinery of all 
types. The foundation will award 
101 cash prizes totaling $30,000 for 
the best technical papers describing 
mechanical design and construction of 
ny type of machine or machine com- 
ponent that is designed for arc welded 
steel fabrication. 

Any person who has participated in 
the designing, planning, or manufac- 
turing of machinery can compete for 
prizes in one of the 18 contest divi- 
sions. Each division has a first prize of 
$500, a second prize of $250, and a 
third prize of $150. And there will 
e 39 honorable mention awards of 
$100. In addition, a total of $9,900 
will be awarded as grand prizes to the 
est 8 papers presented. 

Complete rules may be obtained by 
vriting to the Lincoln Foundation, 
Cleveland, Ohio. The contest closes 
uly 27, 1953. 
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AIRBRASIVE UNIT was developed by the S. S. White Dental Mfg. Co. to use new 
gas-propelled abrasive cutting process. Operated on 110 v, 60 cycle a-c, the unit is 
supplied with right-angle nozzles for manual operation, and straight nozzles for pro 
duction work where nozzle would be held in a fixture 


I ligh Speed Abrasive 


USING A HIGH-VELOCITY STREAM ol 
sharp-edged abrasive particles, the S. $ 
White Dental Mfg. Co., New York 
N. Y. has developed a process for the 
precision cutting of hard to-work mat 
rials. Traveling at a speed of 1,100 
fpm, the particles pass through a sin 
tered tungsten carbide nozzle with a 
diameter of 0.018 in. and imping 
against the work surface 

While the abrasive cuts through 
hard and brittle surfaces rapidly, it 
has no effect on resilient or soft mate 
rials such as rubber cloths, and certain 
types of plastics. In addition it will 
not damage skin tissue if an operator 
accidentially places his hand in front 
of the stream 

Because of this selective cutting ef 
fect, the process has considerable 
promise for removing metallized film 
coated on relatively soft bases. It also 
can be used to drill thin sections of 
hard materials as well as cutting and 


Makes Accurate Cuts 


S. S. White claims that there is no 
increase in temperature during cuttin 
and there is no vibratior As a result 
they recommend this technique for 
working on materials such as germa 
nium whos phy sical and electrical 
properties might be affect 1 by heat 
and shox k 

Another advantage of the techniqu 
is that ther: no direct contact of th 
tool with the work This prevents 
dimensional variations caused by w 
of th cutting tool or by sur 


irregularities in the work 


Normally, a sp 


ially processed ah 


minum oxide powder is used as th 
ibrasive For sp cial ¢ pli tions that 
require a light r al aie lassified 
dolomite (a mixture of calcium and 
magnesium carbonates) can be used 


However, standard commercial trad 
of abrasives are not suitabl 
Any dry insert can be used to pro 


pell th abrasive, carbon dioxide is 





etching hard and brittle substances. usually recommended 
GE to Supply output of the transmitter will be mul 
tiplied twenty-five times by a special 


UHF TV Station 


THE GENERAL ELECTRIC COMPANY 
will supply the first high power, ultra 
high-frequency television station in th 
United States to WHUM-TV in Read 
ing, Pa. With an effective power of 
261 kw, the station will be the most 
powerful in the world when it starts 
broadcasting carly in 1953. 12 kw 


1952 


1036 ft tower erected on top of a 1650 
ft hill. This will make W HUM.-TV 
powerful enough to cover a 60 mil 
radius with a fringe area beyond that 

The GE equipment will permit th 
telecasting of live talent stu lio shows 
remote events, film and network pro 
grams on Channel 61 in the new UHI 
band 
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Research: High Temperature Reduces 


Pure Nickel Tensile Strength 


tHe NATIONAL BUREAU OF STAND- 
ARDS’ Thermal Metallurgy Section has 
into the 


completed an investigation 


ftect of high temperature on 99.85 
percent pure nickel. The study in 
dicates that the yicld and_ tensile 


strength, as well as th ductility at 
sharply decreased 


tem- 


maximum load, ar 
with a substantial increase of 
perature 

While the study showed that elon- 
gation at complete fracture attains a 
minimum at about 500 F, irregularities 
appear in the usual trends of some of 
the tensile properties in the tempera 
ture ranges of 80 to 300 F and 500 
to 700 F. In the lower range, the 
irregularities are apparently caused by 
strain aging; Curie point behavior 
seems to be responsible for the abnor- 
mal behavior in the higher rang« 
Recovery and recrystallization are the 
predominant factors in ductility in 
the temperature 1,200 to 
1,500 F. 

NBS made two series of tests. In 
the first, temperatures ranged from 
room temperature to 1,500 F. After 
the specimen was heated to the desired 
temperature, it was tested in a hydrau 
lic machine that applied tension to 
produce extension at a controlled rate 
of about one percent per minute. 


range ol 


In the second series of tests, tem 
peratures ranged from 320 to plus 
212 F Loading was controlled to 
produce a contraction of the smallest 


at a rate of 
reduction 


tion of the specimen 
approximately one 
of area per minute 
In both cimens 
ere extended to the point of frac- 


perce nt 


series of tests sp 





FRACTURED SPECIMENS of pure nickel. 
Figures on right hand side of specimen 


which test 
Notice how increasing tem- 


indicate temperature at 
conducted. 


was 


perature affects the fracture. 
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EFFECT OF TEMPERATURE on yield 
strength (0.2 percent offset), nominal 
Stress at maximum load, and true stress at 
maximum load. Loading was applied so 
that extension was one percent per minute. 


that the fracture could be 
examined metallographically. 

This investigation is a continuation 
of previous NBS studies on high pur 
ity copper and copper-nickel alloys 
(reported in PRopUCT ENGINEERING, 
Feb. 1952, p. 201). Since both ma- 
terials are available in highly purified 
form and their alloys have relatively 
high strength at elevated temperatures. 
such data is needed for industrial and 
military applications. 


turc so 


Strain History Determines 
Low Temperature Properties 
Of Ingot Iron 


WASHINGTON—Ductility at low 
temperatures of ingot iron depends 
not only on the instantaneous values 
of strain and the temperature, but 
also on the previous strain-temperature 
history of the specimen. This is the 
conclusion reached by metallurgists at 
the Nationa! Bureau of Standards as 
a result of an investigation into the 
causes of metal deformation at low 
temperature. 

For ingot iron specimens extended 
in tension in the temperature range 
from 250 to +212 F, NBS scien- 
tists found that total work hardening, 
the increase in true stress with true 
strain, is the result of two processes: 
strain hardening and strain aging. The 
former is caused by crystal deforma- 
tion and increases as the testing tem- 
perature is lowered; while the latter 
is associated with the precipitation of 
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an element from solid solution and 
creases, within limits, with an incr 
in temperature. Below 180 F, 
work hardening of ingot iron du 
deformation in tension is prim: 
strain hardening. Above this temp 
ture, the strain aging during defor 

tion increases suthciently to bec 

the dominating factor : 

Previously, metallurgists have 
that strain aging was insignificant 
sub zero temperatures. But analysi 
the relative proportions of strain ag 
and strain hardening indicates t 
aging has a pronounced effect at t 
peratures as low as —-180 F. 

The investigators also found t 
theotropic brittleness of ingot ir 
depends on the initial condition of t 
material. This is the part of low-t 
perature brittleness that can b¢ 
moved by cold working at temp 
tures above the transition point fri 
ductile to brittle behavior. How < 
working a specimen by extension 
tension at room temperatures aff 
brittleness depends on how the sp 
men was processed and heat treat 

Cold working at room temperat 
removes some of the brittleness in h 
rolled or normalized specimens, but 
increases the low temperature britt! 
ness of annealed ingot iron. 

In this study, ingot iron specim 
were classified into five groups accord 
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ANNEALED INGOT IRON true stress 
strain data. Closed circles represent data 
obtained during extension at —245 | 
after a first stage extension at 78 F; oper 
circles represent data obtained during ex 
tension at 78 F after a first stage exten 
sion at —245 F. Note that cold workin 
at 78 F caused the annealed ingot iron t 
become brittle when tested at —245 F. 


ing to their processing and heat t 
ing: (1) annealed, (2) hot-rolled, (+ 
quenched and tempered, (4) nor: 
ized, and (5) cold-drawn. These wet 
machined into cylindrical tensile spec 
mens and extended in tension to spe 
fied strain values in a pendulus typ 
hydraulic testing machine. During 
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NORMALIZED INGOT IRON true stress-strain data. Circles represent data obtained 
during extension at —108 F after a first stage extension at 78 F; triangles represent 


data obtained during extension at 78 F after a first stage extension at 


108 F. Rela- 


tive position of second stage data with first stage indicates pronounced effect of strain 
aging during deformation at 78 F. Cold working of specimen during first stage exten 
sion at 78 F greatly decreased its brittleness and increased its ductility during second 


stage extension at —108 F. 


tests, liquid nitrogen baths maintained 
the desired temperature 

The specimens were extended at 
selected temperatures ranging from 

250 to +212 F. Above a 30 minute 
nterval, they were re-extended to frac- 
ture, at a different temperature within 
the same range. Simultaneous load 
and diameter measurements provided 
lata to plot true stress-strain curves 

Deviation of the true stress-strain 


curve for the second stage of the test 
from the true stress-strain curve for 
the first stage (at the same tempera 
ture as that used in the second stage) 
gave a measure of the effect of the 
strain-temperature history during th 
first stage of the test. 

Cold working at room temperatur: 
increases low temperature ductility of 
quenched and tempered iron, but has 
little effect on cold-drawn specimens 





Patent Office Cuts Application Backlog 


W ASHINGTON—In August _ the 
U.S. Patent Office reported that the 
acklog of patent applications was the 
lowest in six years. As of June 30th, 
there were 98,138 applications waiting 
the action of examiners, compared to 
over 200,000 just three years ago. 
John A. Marzall, Commissioner of 
Patents, attributes the improvement to 
idded efficiency of operation as the 
result of instituting reforms recom- 
mended by an outside management 
consultant. But the better showing 
hasn't slowed the criticism aimed at 
the office by inventors. Since it still 
takes anywhere from one to 10 years 
to get a patent, inventors charge that 
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the office doesn’t help them enough 
and may be stifling American ingenuity 
by discouraging the filing of patents 

Since the start of World War II 
Patent Office operation has been fair! 
well muddled. While the workload 
dropped off during hostilities, th 
office was only barely able to hold 
its own because of a turnover in per- 
sonnel. After V-J day, the office was 
swamped with applications resulting 
from wartime technological develop- 
ments. In 1946, over 92,000 applica 
tions were filed, 40,000 more than in 
1942 

Patent Office employees were in no 
position to handle this deluge. Part 
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of th xamining division had | 
moved to Richmond, Va luring the 
war to make room in Washington tor 
W Orn agrcncies Low il 1 1 an old 
tobacco warchou eight tect below 
strect level, examiners watched valu 
Dal riorate from railroad 
h ind n th orly \ 
‘ | ott 
It was no 1 194/ th { ol 
Vas ought together g h 
Commer Department building But 
\ this tin the acklog had ott 
Oo I le { ly out oO ontrol | it 
is t reached an | high o 
ii pphi atio 
WX th no wm prov ment I 5 lit. tl 
Patent Ott illed in a mat 
consultant to survey its procedurt A 
a result, the ofh hired 100° new 
cXa ners l proved } hou 
k ( p nya 1 flit by iT l i) th 
klog had f t to 41,000 
d spit an increase of 10 per nt 
monthly patent applicatior 
Marzall's adi inistratior (h took 
over in 1950) has made an excellent 
showing, despite the loss to pr { 
practice of many experien ed examit 
crs 
He said Improve i 1d nistratiy 


practice enabled us to grant 46,531 
patents last year and to dispose of 
18,693 more than we received. Whil 
the total number of patents granted 
was less than the 50,250 granted ir 
fiscal 1951. it exceeds the totals for 
any year before that sin 1942.” 

Marzall noted that dev lopments as 
a result of the mobilization effort have 
not yet started to swell Patent Office 
totals Last year 64,992 applications 
were filed with the office, 3,116 below 
the previous year 

And despite increased military s 
curity, there has been no increase 1n 


new inventions that cannot be patented 


because of security classifications 
Classified inventions are processed 
all the way except for the last step 
the actual granting of the patent. At 
this stage, they are placed in a “cold 
storage box” where military agencies 


and the Atomi 
get a chance to see them 


Energy Commission 
To protect 
everyone who sees the 
ertificate befor 


the inventor 
details must sign a 
he can view it to establish a record of 
who has seen the invention 

In addition to this protection, the 
inventor has a two-fold claim against 
the government: for using the patent 
(if the government 
and by reason of th patent grant 
being held up. The current extension 


actually does) 


of the law governing the sequestering 
of “secret” inventions guarantees this 
But to date, 
right by suing the gov 
damages for that reason 


no one has exercised this 
rnment for 
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DOW CORNING 44 SILICONE GREASE 


In electric motors which may operate hot, 
the mechanical fit-up of the bearing assembly 
has a critical effect on the life expectancy of 
silicone grease. This was proved by life- 
testing various greases in the bearings of 
totally enclosed non-ventilated induction 
motors operating at high temperatures. The 
relation between shaft-fit and life in hours 
is shown in Figure I. 
In the TENV in- 
duction motors 
. pt used to test bear- 
Pm ing life at 150°C., 
these curves indi- 
‘ate that the life 
of Dow Corning 
ry 44 lubricated 
hearings with a 


shaft-fit of 0.2 


poe 


“ ‘ 


: about 15 times 
7}: 4 the life of identi- 
oF. oP * “ 
F a ‘al bearings with 


—- a shaft-fit of 0.2 
mils tight. 
These data show 
the importance 
of mechanical fit- 
up. A tight shaft-fit, for example, may 
take up most of the radial clearance in the 
bearing. Where the inner race operates at 
a higher temperature than the outer race, 
unequal thermal expansion may put the balls 
under compression. Any combination of me- 
chanical fits which produces radial clear- 
ances inadequate at operating temperatures, 
or poor bearing alignment, will subject the 
grease to extreme pressures and result in un- 
satisfactory bearing life. 
The subject of Design Considerations for 
Optimum Performance of Silicone Greases 
in Ball Bearings is more fully developed in 
a paper recently read before the ASLE. 
Write for a copy. 


DOW CORNING CORPORATION - 
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CANADA: Fiberglos Canada Ltd., 50 St. Clair Avenve W est, Toronto, Ontario ENGLAND: Midland Silicones Ltd, 49 Pork Lone, London, W.1 
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Silicone Notes 


LUBRICATION 





SL-53 


REFERENCE NO. 








SILICONE 


| | 
| | 
| 

) on LUBRICANTS : 
| | 
| | 
| | 





Make sure you have basic data 
sheets BG-2, 550]b, 7102. If 
misplaced write Dept. R-21 


COW CORNING CORPORATION 
Midland, Michigan 
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DOW CORNING VALVE SEAL A 


With a solidification point below —40°F. and no 
true melting point, Dow Corning Valve Seal A is 
unique among valve lubricants for its stability at 
both high and low temperatures and for its re- 
sistance to oxidation. It is generally inert chem- 
ically and physiologically; shows excellent resist- 
ance to hot water and to a wide variety of chem- 
icals and gases. 


The usefulness of Dow Corning Valve Seal A in 
chemical services too severe for conventional lub- 
ricants is indicated by tables recently published 
in a new data sheet describing its performance in 
valves handling more than 120 different chemi- 
cals and gases. Here’s 2 representative sample 
taken from actual field service experience: 








Tempera- 
Reagent ture, °F. Rating 
Brine (caustic) Se LO ee PR Hot Good 
Calcium chloride (molten), 100% __....._.- 327 Good 
Sodium hydroxide, 60% _........._.._... 300 Fair 
I I ow eo os aia a's alae ea R 77 Good 
I al cs as tw i len ore Good 
Chlorinated phenols ac tea thea a Eames Hot Good 
Slurry of aluminum chloride, benzoyl chloride 
and paraphenyl phenol _......._..._--- 347 Good 
Slurry of potassium dichromate, sodium chlor- 
ide and sodium sulphate _._...........- 265 Good 
DE ocd abnWees cteneeeeeaucasawaen ‘rales Good 
I i os en aaa Good 


a ina —120 to 500 Good 


Hydrocarbon gas 





There are, of course, too many variables to per- 
mit specific recommendations. The tables from 
which these examples were taken do serve, how- 
ever, to establish the fact that Dow Corning Valve 
Seal A is used successfully in many services where 
tae life and reliability of valves is severely lim- 
ited by failure of conventional lubricants. 


For example: In the valves of large turbines, an 
electrical manufacturer recommends the use of 
Valve Seal A under pressures as high as 400 psi 
and temperatures ranging up to 750°F. 


WRITE TODAY for more information on Dow 
Corning Valve Seal A. Please address Depart- 
ment R-21 and ask for data sheet No. VSA-I. 


TL MAULCILT: 


MIDLAND, MICHIGAN 


SILICONES 
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PRODUCT ENGINE! 


Nomograph to 


WHEN DESIGNING GEARS, it is often 
necessaty to calculate the difference 
between the circular tooth and chordal 
tooth thicknesses as well as the adden- 
dum correction (see Fig. 1). The 


Fig | 


nomographs on the following pages 
yield these data without resorting to 
awkward derivations. They are not, 
however, based on exact solutions and 
some consideration of the errors intro 
duced may be necessary 

The charts are based on equations 
derived from Fig. 2. If D is the dia, 


M 
ei . 
i | 
it x tn . 
/ s | D 
—. © 
\I 
\ 
xX 
O 
’ / 
\ 


en 2 


OA = D/2 and the arc AMB = f,. 
Then At — AMB — ANB. The ad- 
dendum correction, Aa, is equal to OM 
minus ON. 

Thus 


At =14, — Dsin 


and 
Aa = D/2 — D/2 cost,/D 
Expanding the sine and cosine func- 
tions into series and using only the 
first two terms of each series yields 
the following equations from which 


bn 
D 


= 


RING 


Simplify Gear Tooth Calculations 


W. T. WINTER 


Western Cear Works 


the nomographs were developed 


ta? 
At = Da l 
tn? : 
Aa 4D d 


The magnitude of error in Eq (1) 
is less than the value of the first of 
the omitted terms of the expansion 
‘ b 


namely, D (ts This error will be 


ps 


largest for values of ¢, and D ap 
proaching those, as an extreme Case, 
of a 7 tooth gear of standard tooth 
proportions and of 14 diametral pitch 
Such a combination introduces an error 
less than 0.0002 in. The numerical 
magnitude of error in Eq (2) is less 


than D (4) which introduces an 


2 DAY! 


error less than 0.00025 in. under 
the same combination of values of 
t, and D. Since this error is inversely 
proportional to the product of diamet 
ral pitch and the cube of the number of 
teeth, it diminishes rapidly as they in 
crease, becoming only 0.00009 under 
the combination of 2 diametral pitch 
and 9 teeth. 

To include helical gears as well as 
spur gears in the foregoing analysis, it 
is necessary to consider the differences 
under discussion in the plane normal 
to the tooth surface. The pitch cylin 
der intersects the normal plane pro 
ducing an ellipse whose minor axis can 
be considered as terminating at the 
center of the tooth. Determining th« 
radius of curvature at this point and 
expressing it as an equivalent spur 
pitch diameter discloses that it has the 
following relationship with the trans 
verse pitch diameter of the helical 
gear: 


Let 


D = equivalent spur pitch diameter 

D’ = pitch diameter of helical gear in 
the transverse plane 

vy = helix angle 


Propuct ENGINEERING — SEPTEMBER, 19°52 





REFERENCI 


BOOK SHEET 


Then 
dD 

D 
Sul ing tl | (l)a 
(2) 
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4D y 

Eqs ( ) and (4) n thn 
hickness ind 1d } < oO 


5 ( he le whe 

va Wa termined by I 
does t xactly fi | 
oO the ot ..8) 

ntroduced, By analy ) 

in D« shown how 
is so small as to | ompk \ mo 
in most ases It iS OF ly ) wy) 


\aan 1 less than that for As for 


or? ind D corresponding to those ol! 


] tooth pear of 14 dian ral pit ] 
Spur Gear I xamp 


Given: Pitch Dia LA 


‘ 0 O96 wv 
Helical Gear Ex 
G Transv el Dia ] 
. U ce 
M 
‘ i 
SO 4) 
Draw line Il From D 10 
to y ) deg 


Draw line III from inters¢ 
of line II with D scale to ay 
priate val eof Pua 

From line ITI 

UUU055 in 

Sa = 0.0046 in 


Chart II is identical to Chart 


except that it 1s constructed tor gears 


with larger dimensions 


(continued on page 

















“The Finest in 


\ANe Magnesium Die Castings 





\ 


Expanpep production facilities at Auto- Castings can provide the answer to 
Lite’s tremendous Lockland, Ohio, plant your production problems. Whether it's 
nm now enable us to produce “feather- Magnesium, Aluminum or Zinc Die 





weight’’—precision-built Magnesium Castings, let Auto-Lite supply your need. 

7©.. Die Castings. Wherever you need light 
v7"! weight... high accuracy...good bear- pe~ 
HE ing properties . . . superior machina- | Your Inquiries Are Invited 
bility . . . Auto-Lite Magnesium Die | THE ELECTRIC AUTO-LITE COMPANY 


Die Casting Division, Woodstock, Illinois 
Lockland Division, Cincinnati 15, Ohio 


— e - Mee So ee 3 600 S. Michigan Ave. 723 New Center Bidg. 
— aa tt | Chicago 5, Illinois Detroit 2, Michigan 
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PROD! y | |} REEFELRENCE. BOOK 
Nomograph to Simplify Gear Tooth Calculations (continued) 
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Keep these 


shapes in min 


It will pay you to keep in mind the many advantages of 


special-shaped Armco Steel Tubing when you design or redesign 


your products. Tubing is pleasing to the eye. It may be the 
means of giving your product that extra “sales appeal.” 

Chances are good we can supply this mechanical tubing in 
any shape you require. Getting made-to-order shapes can 
help you eliminate or greatly reduce many costly fabricating 
operations. It also helps step up production. 

Besides these shop savings, tubular parts give your products 
the most efficient section for structural requirements 
under many types of loading conditions. 

This means lightweighi, high-strength products at low cost. 


RANGE OF SIZES 
When bending, flanging, expanding, beading, upsetting 
or swaging operations are necessary, you'll find Armco Tubing 
will do all that you ask of it. Sizes range from 
VY,” to 3” O.D., wall thicknesses from .028 to .083. 
Send for catalogs on Armco Steel Mechanical Tubing. 
A helpful new booklet tells “How to Fabricate Armco Steel 
Tubing’—gives you all the details you need. Just fill in the 


handy coupon, attach it to your company letterhead, and mail it today. 








‘ 


© 


4262 Curtis Street, Middletown, Ohio 
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ARMCO STEEL CORPORATION 
send 4262 Curtis Street, Middletown, Ohio 
[_] Catalog on Armco Steel Mechanical Tubing. 
me [-] “How to Fabricate Armco Steel Tubing.” 
| t Nome Title 
comp e e Compony . = 
data | sve 
City Zone State 


Armeo Geel Corporation 


Plants and Sales Offices from Coast to Coast 
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PRODUC! ENGINEERING, RFEFERENCE BOOK SHEET 
Nomograph to Simplify Gear Tooth Calculations (continued) 
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High Pressure Electro-Hydraulic Selector Valve 


A recent addition to a line of electro-hydraulic equipment 
is the new Hydel selector valve for the selective control 
of hydraulic circuits. Basically, it consists of a hydraulic 
valve electrically operated through twin solenoids. These 
solenoids are controlled by a push-button or lever-switch. 
This form of electrical remote control simplifies the over- 
all hydraulic system by eliminating much of the plumbing 
between the pilot's control and the actuating jack. 

The view at left type 4600-Y providing a 
four-way, three-position with blind neutral. 
Other three-way twin solenoid types, with or without a 
neutral position, or with the flow to the selected service 
cither open or closed after de-energizing, and single 
solenoid two-way valves are also available. 

Considering the four-way, three-selection (blind neutral) 


shows the 
selection 


type 4600-Y in the valve series, the mechanism of opera- 
tion can be followed by reference to the diagram at right. 
Ir; a hydraulic cir uit, the valve unit is supplied with 
fluid under pressure from the pump at point (P) and con- 
nected to the jack (or similar actuator) at points (C) 
and (D). The return line connection to the reservoir is 
made at point (R). With both solenoids de-energized, 


fluid pressure in the valve is contained within the housing 

ring loaded piston and the cylinders of the servo 
pistons. Equal pressure on the composite servo pistons 
holds them against stops at the inner ends of the cylin- 
In this position it will be noted that they centralize 
osition, both service 


of the 5} 


de rs 
the slide-valve in the neutral or closed 
ports (C) and (D) being blocked off. 
The central port of the slide is sealed against a pressure 
tight face between the service ports (C) and (D). 
Pressure equilibrium is maintained in the valve by the 
pilot valves pressing on their upper seats as shown in the 


illustration. These pilot valves are controlled by the sole- 


noids (1) and (2). When solenoid (1) is energi: 
it forces the valve off its upper seat on to the lower « 
cutting off the pressure supply to the related servo cylind 
and causing the contained pressure to fall. In the ot! 
cylinder, the small servo piston moves inward, and pus 
the central port of the slide-valve into position over t 
outlet connection (C). Pump pressure and flow are th 
lined up with the corresponding inlet connection on | 
actuator. The oilway on the right-hand of the slide-val 
now located over the open port (D), permits free fi 
of oil to the return pipe-line (R). 

These conditions are maintained until the solenoid 
de-energized and pressure equilibrium restored. Operat 
of the right-hand solenoid (2) causes the same action 
the opposite valve and piston, with the effect of direct 
the pressure flow through port (D) and return to t 
reservoir through port (C). The sequence of events 
rapid; with the selection of either service from neut 
being completed in 0.12 sec, while the return to neut 
is performed in 0.03 second. 

The solenoids are continuously rated for voltages 
tween 28.5 and 22, with a test voltage of 16 at a temper 
ture of 20 C; they are detachable and are suitable 
continuous operation in all climatic conditions. In t 
event of electrical supply failure, pressure in the select 


circuit is maintained by the automatic movement of t! 


slide to the central (closed) position. 

Both single and twin solenoid types of the valve 
designed for hydraulic systems with operating pressu: 
up to 4,000 psi at any temperature between 70 C above a 
54 C below zero. The normal flow capacity is 20 gal/m 
ute. The single solenoid type weighs 1.9 lb and the tw 
solenoid, 2.5 pounds 


Dowty Corp., 25 Beaver St., New York 4, N 
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Wide Range 
Variable Pitch 


Sheaves 


For use with a stationary-control, 
range, vari-pitch sheave with Q 
R section belts, a new type of 
igic-grip"’ bushing makes possible 
quick and casy installation of the 
sheave and permits mounting it cn the 
shaft so that the adjusting control 
chanism is either toward the motor 
wring or away from it. 
[his bushing incorporates the use 
of a tapered sleeve clamp action mech- 
sm which consists of two split 
tapered sleeves, one within the other. 
Drawing them together with the lock- 
screw produces a double action 
result. The bushing sleeve is con- 
tracted on the motor shaft, and the 
sheave sleeve is expanded against the 
disks simultaneously, effectively lock- 
g the entire mechanism together. 
The wide-range vari pitch stationary 
ontrol sheave makes use of the vari- 
pitch sheave principle of mechanically 
moving angular faced disks nearer to- 
gether, or farther apart, thus changing 
the pitch diameter of the sheave. 
The wide-range stationary control 
sheave has a positively actuated mech- 
anism which maintains true pitch di- 
imeters. It consists of two sets of 
movable disks mounted on a main 
leeve. These disks are bolted to- 
gcther to form separate assemblies, 
nd are adjusted manually with a rod 
which turns an adjusting screw. This 
rew is so constructed that it moves 
oth disks of each groove at the same 
time, maintaining alignment of the 
Its. The disks are made of special 
rade alloy iron and are heat treated. 
The wide-range vari-pitch sheaves 
have been developed for use with 
tandard motors from i} to 30 hp with 
tor speeds from 1,800 to 900 rpm 
‘he standardized shaft diameters and 
rojections of NEMA frame motors 
ill require a definite size sheave for 
ich motor size. 
Allis-Chalmers Mfg. Co., 
General Machinery Div., 
Milwaukee, Wis 
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Split in bushing 





Bushing 
locking screw 


Spit 7 sreee 











1750 rpm 

Motor 

Hp Pitch Dia Belts 
11 40 to 7.5 1Q 
2 4.0 to 7.5 1Q 
3 40 to 7.5 20 
5 4.0 to 7.5 20 
74 5.0 to 8.5 20 
10 5.25 to 10.0 2R 
15 5.25 to 10.0 2R 
20 ¢ 25 to 11.0 2R 
25 6.25 to 11.0 3R 
30 7.25t012.0 | 3R 


Motor Spee 


1160 ry 


Pit h Dia 


: 
tN rm 


_- 


i Pitch D Bel 
10 "7 ( 
£0 } J 
20 2 2k 
} to 10.0 } 
2R 11.0 k 
2R 6.25 to 110 I 
I 12.0 I 
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Hard Rubber Pump For Acids, Alkalies 


Now available in hard rubber construction for handling 
acids, alkalies, and other corrosives, a small, neoprene im- 
peller pump will deliver 15 gpm at 22 ft. head, or 5 gpm 
at 72 ft. head. The maximum capacities are 95 ft. head 
or 16 gpm. It pumps viscous or thin liquids, is resistant 
to alkalies, solutions of metallic salts, inorganic acids, 
hydrochloric acid any strength, and any liquid that can be 
handled by neopren 

rhe pump ts self-priming 
suction lifts of 6 ft without 


It will start instantly against 
When primed, 
it will handle suction lifts as high as 14 feet. 

The self-lubricated flexible neoprene impeller is said to 
outlast conventional metal rotors and gears, and is self 
ompensating for wear. The impeller can be replaced by 
simply removing the cover plate. 

The pump is threaded for 3 in. standard pipe threads 
It can operate equally well in either direction, reversing 
flow. The motor is 4 hp, 1,140 rpm, polyphase, close- 
coupled with the impeller, and mounted directly over the 
motor shaft. 

Corrosion-resistant hard rubber is used in the molded 
pump casing, cover plate, gland parts, and drip pan. 


a foot valve 


PUMP CAPACITY CHART 





Total Head, psi 











Capacity, gpm 


Mounting bolts and studs are stainless steel. Shaft, imps 
insert and key are made of Hastelloy C. 





The base is cast iron painted with acid-resistant paint American Hard Rubber Co., 93 Worth St., New York 13, N.Y 
il- Tigh h 
Oil-Tight Pushbutton Units 
Oil-tight pushbutton units for machine tool applications, contacts then always break simultaneously. The only ba 


designed completely on the building-block principle, 


sclf-a-line contacts and removable color rings 
on identification. This building-block con 
| increased flexibility of application be- 
basic units can be arranged in various combina- 
tions to meet all special as well as standard requirements. 
The manufacturers claim that two operators, five color 
rings, and two contact blocks can be arranged in any of 
twenty different combinations. 

The self-a-line double break contacts are placed at an 
angle so they close with a rolling action. The operating 
lever the movable 
retaining alignment and adjusting evenly to wear 


in orporate 
for pu hbu 


yermits 


struction 
cause the 


strikes a curved surface on contact, 


The 


form of contact block used in the new units is a single-pol 
double-throw type made of melamine for maximum 
resistance Double-pole, double-throw combinations 
made by mounting two of these units on the same base 

As the contact blocks are located on the back, the ras 
facturers claim that as much as 60 extra feet of connect 
wire can be eliminated from the standard 9-unit stati 
with this assembly. 

Units come in 1, 2, 3, 4, 6 and 9 button stations, w 
contacts rated at 115, 230, 460, and 575 volts. Depth 
unit enclosures is 35’; in., and a standard pushbutton « 
tends 4 in. beyond the case. 

General Electric Co., 1 River Rd., Schenectady 5, N. 


CONTINUED ON PAGE 2 
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| Key to better piping design... 
your easy-to-use CRANE Catalog 


You can design better piping into any product .. . faster... when 
you specify from your Crane Catalog. Here, between two covers, 
you'll find the world’s most complete assortment of quality piping 
materials—carefully arranged for convenient selection. And for 
every piping item there's a full listing of recommended services; 
complete design, material, and construction details; plus helpful, 
easy-to-use pressure and temperature rating tables. In addition, 
your Crane Catalog answers general engineering questions con- 
nected with designing efficient piping systems. 

Specifying Crane gives your product added value, too. Now 
that replacements are harder to get, your customers realize more 
than ever the advantages of dependable, longer-lasting Crane 
Quality equipment on the machinery they buy. 





FOR A BIGGER SELECTION OF BETTER PIPING 
... CHECK THE BROAD CRANE tine 


ANGLE 'e] Re):} 3 
VALVES VALVES 
7 L— » - &\ *\ 
SCREWED fon aa! oh service on steam, water, oil and 
gas lines—Crane recommends 


— , RELIEF 
FITTINGS — 7 VALVES ° 150-Pound Brass Gate Valves 
; . A : 






FOR RUGGED, DEPENDABLE 






= & ’ . with accurately guided solid 
i wedge disc. Tight stem seal as- 
L 





sured by high quality stuffing 
box packing and gland; can be 
repacked under pressure. Rising 
or Non-Rising Stem; screwed or 
flanged ends. Sizes: 4 to 3-inch. 
See your No. 49 Crane Catalog, 
page 17. 
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Steam Generator by 





{ Clayton Manufacturing Company 


SEDIMENT 
SEPARATORS 


ie > // 


Fl Monte, California 











General Offices: 

836 S. Michigan Ave., Chicago §, Ill, 
Branches and Wholesalers Serving 

e Aii Industrial Areas 
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New Bridge Balance Simplifies Direct Recording 


A completely new 8-channel bridge balance, type 8-108, 
has been added to a line of recording instruments, and 
may be used for direct recording of the output of a 
wide variety of strain gages and strain gage type pickups 
without the use of amplifiers. Used with this company’s 
5-114 or 5-116 recording oscillographs, the new 8-108 is 
casy to operate at a resultant high degree of accuracy. 

Up to eight 120- to 350-ohm strain-gage bridges or 
strain-gage-type pickups, comprising four active arms, may 
be connected to the instrument. If fewer active arms are 
used, dummy gages can be added externally. Voltage across 
cach bridge can be adjusted individually and continuously 
from the level of the supply voltage, 28.5 d-c maximum, 
down to a minimum of 2.0 v on a 350-ohm, four-arm 
bridge and 1.1 v on a 120-ohm, four-arm bridge. Each 
channel has its own front-panel voltage control, and the 
channel selector switch connects any channel to the volt- 
meter circuit. Adjusting voltage individually on each bridge 
permits pickups of different resistance value to be used 
simultaneously, while maintaining on each, optimum 
wattage dissipation, and minimizing drift problems. 

The same 30-volt full-scale voltmeter is connected to the 
supply voltage through the channel-selector switch. It is 
also possible to monitor and record the supply voltage by 
means of a 7-238 galvanometer. A locking potentio- 
meter on the rear panel adjusts galvanometer deflection 
from 1.0 to 2.1 in. for any supply voltage from 22.0 to 
28.5 volts. A connector is used for the monitoring galvano- 
meter. 

Any of four fixed calibration resistors in a 2:1 suc- 





four-arm pickup bridge, each step doubling galvanometer 
deflection. In addition, a fifth position of the calibrate 
switch connects an external calibrate resistor of any desired 
cessive relationship, may be applied to either half of each 
value. 

Each channel has a balancing potentiometer for adjust- 
ment of the bridge to a zero stress level, output being read 
on a 50-0-50 microampere balance meter. Three ranges of 
balance sensitivity may be used. After balancing, settings 
are protected against accidental changes by the locking-type 
controls. Polarity of each channel may be reversed by a 
two-position toggle switch on the front panel. 

Consolidated Engineering Corp 
300 N. Sierra Madre Villa, Pasadena 8, Calif 





Increased Safety in Measuring D-c Voltage 


A d-c voltage measuring reactor has been designed to 
provide safety in the measurement of high d-c voltage by 
insulating the instrument circuit from the power source. 

Developed for remote measurements of dec voltages up 
to 1200 volts, the equipment consists of a saturable core 
reactor with a single d-c winding, two a-c windings, and 
proper range resistors. The d-c winding has a saturating 
effect on the core, and the a-c windings, supplied from a 
separate power source, deliver a rectified average current 
proportional to the degree of saturation of the core. A 
selenium bridge rectifier is used in the a-c circuit to permit 
interpretation of the average current. 

A calibrating adjustment is used with the new device 
which gives final adjustment of the output current to the 
burden used. The reactor is designed to work into a burden 
with a nominal resistance of 25 ohms. The burden should 
not exceed a maximum resistance of 100 ohms. 

Because of the heavy construction of the non-electronic 
device, it requires little maintenance. It has no moving 
parts. In addition, the use of the d-c volitage-measuring 
reactor allows reduction of initial instrumentation costs. 

The d-c voltage-measuring reactor has a plus or minus 
accuracy of 0.5 percent of full scale, and operates on a 
power supply of 115 v, 60 odes. The reactor measures 
64 in. x 63 in. x 4 in. and weighs 2 lbs, 10 ounces. 








General Electric Co., 1 River Rd., Schenectady 5, N. Y. 
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KAYDON Roller Thrust Bearings 
630” x 18.976 x 4725 
sed in Ideco $S-300 Swivels 


ii 


[if 


Takes 300-ton loads! 


Dead-load capacities to 300 tons have been obtained, 
without added weight, in IDECO Streamlined Swivels for 
deep oil-well drilling. The success of these rotary swiv- 
els is the result of advanced engineering and years of 
experience in swivel manufacture. Rugged bearings are 
vital . . . husky KAYDON heavy-duty roller thrust bearings 
carry the full load. 


In many other industries, machine designers find KAYDON 
bearings help make bigger machines possible, without 
unnecessary bulk and weight. If you have a bearing 
problem, contact KAYDON of Muskegon. 


FOR ALL TYPES OF BALL AND ROLLER BEARINGS: 4” BORE TO 120” OUTSIDE DIAMETER 


IDECO oil-well 
drilling Rotary 
Swivel made by 
IDECO Divi- 
sion, Dresser 
Equipment 
Company, (one 
of the Dresser 
Industries), 
Dallas, Texos, 


showing bear- 
ing location. 

















KAYDON Types of Standard and Special Bearings 
Spherical Roller ¢ Taper Roller ¢ Ball Radial ¢ Ball Thrust 


ENGIENEBERIN G co RP. 


e Bi-Angular Bearings 





MUSKEGON © MICHIGAN 











ROLL 


PRODUCT ENGINEERIN(¢ SEPTEMBER, 








ER 









BEARINGS 




















NE W 


COMPONENTS—MATERIALS 





AND 


PARTS 





New Fittings for Connecting Flexible Plastic Pipe 


With the development of new insert 
type ell and tee couplings for making 
sharp turns or take-offs from flexible 
plastic pipe lines, time and material 
are conserved in making leakproof 
connections, and one fitting now makes 
a connection which formerly required 
the use of three or four. 

These new fittings are quickly joined 
in the same manner as previously used 
for insert couplings. Sections of pipe 
can be cut to the desired length with 
an ordinary hand saw and the fitting 
inserted. Stainless steel clamps are 
tightened over the pipe and fitting to 
draw the pipe down onto the serrations 
of the insert to give a positive, leak- 
proof joint. The only tools required 
are a saw and screwdriver, and con- 
nections can be completed in less than 
two minutes. 

When the flexible plastic pipe is to 
be joined to a metal fixture or a pre 
viously installed metallic system, an 
insert adapter is used. One end is 
screwed onto the metal threads, and 
then the plastic pipe is slipped over 
the serrated end and clamped securely 
Adapters used I. P. T., which mate 
with standard female threads 


These new fittings, together with 
the straight insert coupling and 
threaded tees, ells and unions, make 
possible all types of installations with 
this flexible plastic pipe. All fittings 
are molded from a single piece of 
thermoplastic material and are said to 





be guaranteed against rot, rust 
electrolytic corrosion. They are light 
in weight, can be handled easily, to 
save time, and give permanent, leak- 
proof connections. 
Carlon Products C 
10255 Meech Ave., Clevland 5, Oh: 





Plug-In Alarm Units Are Hermetically Sealed 


Automatic alarm units for remot« 
signalling of failure or other-than-nor- 
mal operation of valves, pumps, heat- 
ers, and other kinds of equipment 
in process operations, have a special 
type of unitized construction which 
will permit a variety of circuit arrange- 
ments from one basic alarm unit. This 
is made possible by a switchboard cir- 
cuit header which is wired into the 
basic relay in different ways, depend- 
ing on the circuit desired. 

Designed for class 1, div. 2 applica- 
tions (or for all general purpose use) 
the hermetically sealed relay unit is the 
basic component. It is a fully self- 
contained assembly, filled with dry 
inert gas and hermetically sealed, and 
is available in over 50 standardized 
operational circuits. 

The units are self-contained and 
plug in the chassis like a vacuum tube 
The chassis is also standard, varying 
only in size to accommodate various 
multiples of the units. The uniform 


bus chassis wiring makes it possible to 
plug any circuit into the same chassis. 

Two types of signal lights are avail- 
able: backlighted nameplates, or giant 
turret lenses for two light systems. 
Both have 2 to 12 stations with an in- 
tegral chassis, 2 x 3 in. engraved 





nameplates, and are illuminated by 

six watt lamps. Clear visibility at gre: 
distances is said to be possible with tl 
larger new type turret lens. 


Tigerman Engineering C 
4332 N. Western Ave., Chicago 18, 1 
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Motor End Frames 


nl 


Torque Converter 
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Steel-Belted Piston Alternator Housing 


Gyrol Fivid Coupling 





Aircraft Piston 





Garbage Disposer Housing 










Diesel Permanent Mold Piston 





Air Connector Launching Barrel for Bazooka 





Wing Actuator For many years the foundry of Thompson's Light Metals Division quietly 


cast thousands and thousands of hard-to-make precision parts in light alloys 
of aluminum and magnesium. 

Word got around that Thompson had the experience and facilities to cast 
light-weight, strong, heat-resisting alloy parts in permanent molds and high 
pressure dies—which eliminated the weight problems of ferrous counter- 
parts. One by one manufacturers came to Thompson for b°lp and advice 
when they learned that the close tolerances achieved by thompson cut 
machining and finishing costs. 

Today, our capacity is channeled to top-rated jobs. We're building addi- 
tional facilities as fast as possible and, in the meantime, Thompson services, 
as always, are at your command. Our entire staff of creative engineers is 
ready to help you plan new parts or re-design old ones for the future 


A THOMPSON STORY TOO BIG TO HIDE! 
Thompson Products, Inc. 


2269 Ashland Road * Cleveland 3, Ohio 
LIGHT METALS DIVISION 
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Taking advantage of a new design 
technique based on ferrite magnetic 
cores and tetrafluoroethylene insula- 
tion, a line of specialized transformers 
is being offered, giving applic ation ad 
vantages: (1) where r-t circuitry re- 
quires impedance matching over a wide 
impedance and/or frequency range; 
(2) where r-f or audio applications 
require electrostatic shielding between 
windings, high voltages, or especially 
small dimensions 

Typical designs shown in the illus- 
tration include 

A. A grid-driving transformer with 
600 ohm input for 3 kw, 1,350 v rms, 
2.24 amp and an output of 4,500 v 
rms across 6,750 ohms. Response is 
flat within 0.1 db from 30 kc to 1.2 
me and efficiency at 30 kc is 98 per- 
cent 

B. A _high-voltag grid-drivine 
transformer with 50 ohm input for 2.5 
watts, 11.1 v rms, and a double 100v 
rms output from two windings sepa- 
rated by 3,300 v rms. Response is flat 
within 1.5 db from 30 ke to 2 me 

C. A push-pull output transformer 
with 4 watt input and output to a 50 
ohm line. Response is flat within 1 db 
from 20 kc to 1 m« 

D. (Shown in hand) Line-balanc- 
ing transformer, from 500 ohm unbal 
anced input to 500 ohm balanced 
output. Response is flat within + 3 
db from 13 kc to 4.5 m¢ 

In these types the 


core material 


Broadband Ferrite-Core Transformers 





and insulation used combine high efh 
ciency with low leakage inductance 
and low distributed capacitance result 
ing in roughly a four-times increase in 
voltage-handling capacity over an 
equivalent conventional — iron-coré 
transformer. Leakage reactance of 
these types run approximately 10 per 
cent that of equivalent conventional 








transformers. Size and weight ar 

than those of conventional types 
Functionally, the transformers 

said to be capable of operation wit! 

internal temperatures up to 160 ¢ 

are not damaged by moisture absor 

tion or fungus attack 
Sierra Electronic Corp., 830 Brittan A 


San Carl ( 





Automatic Single-Step Voltage Booster 


This automatic voltage booster is a 
single-step unit of sufficient rating to 
handle motor starting loads in areas 
where fluctuating low voltages ar« 
common. This device is designed 
primarily for such motor-operated 
appliances as: refrigerators, air-condi- 
tioners, pumps, milking machines, 
separators, and beverage dispensers 
and could be used in rural areas and 
export market areas where low voltage 
periods have been causing unreliable 
performance, or motor damage 

The new booster is completely auto 
matic in operation, and will cut into 
the circuit if the line voltage drops to 
about 105 v or below. When the linc 
voltage rises to about 110 volts or 
more, the booster is automatically dis 


connected. The voltage booster plugs 
into the regular line outlet, and th: 
motor power cord into the 
socket. The unit is portable and n.a 
be used for any number of machines 
because of its plug-in connection. It 
does not require wiring or installation 

Specifications for model 92004 are 
load capacity 2KVA; approximat 
voltage boost 12 percent; pull-in, 105 
v drop-out 110 v; length 8 in.; width 
5 in.; height 7 inches. The measurc 
ments for model 92005 are: 16x 6x 6 
in.; with the load capacity 5 KVA 
All other specifications are same as for 
the model 92004. Other capacities and 
voltage ratings, as well as 50 cycle tre 
quency units can be designed for rea 
sonable volume requirements 


booster 





a 
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To Executives Charged with Responsibilities 
of Design, Development and Production: 


This is intended to call your attention to the Mercast frozen 


mercury process of investment casting — a development that manufacturers 





find helpful in solving difficult design and production problems, We 





\ *, 
suggest that you immediately investigate this versatile process which os 





makes available one-piece shapes previously impossible to cast or machine ae 





Frozen mercury patterns and our special ceramic investment 
material permit surface finishes and dimensional tolerances never before 


available in foundry production, 





For example, +.00@2 to .003" per inch is 


consistently held, In many applications, our castings require no finish \ 


it are less 


‘pe s 





machining, Some mercastings, with intricate shapes and cavities, were 






mer >> 
10n wit! & sa” 
0 Cand § <S previously fabricated parts which required expensive machining and a Baa 0 








assembly, or were too costly to make at all, sa eg” 18 7% 


metallurgists can help you get mass production in such hard- 
to-machine metals as pure nickel, Hastalloy B, Rexalloy 108, stainless, 


Stellite, and others, both ferrous and nonferrous, at exceptionally close 


TS TE Spe EERE rR hie Reman me. ae I 


tolerances, Current applications — radar, aircraft, automotive, 





electrical, and machinery — indicate the wide, economical adaptability 


ST rere 


of mercasting, Here may be the answer to your problems involving design 


eee Materials ... costs ... weight ... time ... machining ee My 2 
—* yor 


If this discussion suggests use of mercastings by your campany, 


ip ont pene asad 


— 
‘ PE ae Re ee 








write to Dept, A-2 for Bulletin 706 — or tell us your specific problems, 


Our metallurgists and Mercast engineers will be glad to serve you. 
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High Strength Cork 
Gasketing Material 


Made by a modification of the beater saturation process, 
new fiber gasketing materials called accopac, have high 
compressibility, combined with high crush resistance, im- 
perviousness, flexibility, uniformity, and other qualities. 

The beater saturation method treats the fibers with water 
dispersions of rubber or resin, distributing an even coat 
over each fiber before the sheet is formed, and giving the 
sheet a homogencous quality. The new process is said to 
permit the deposition of larger amounts of saturant on 
the fibers than was possible with the conventional bath 
method, With the new process, different types of fibers, 
saturants, and fillers may be combined. 

Among the advantages of these new materials are: they 
will not dry out, harden, or shrink on aging or in service; 
they have high compressibility which gives good sealing 
even under light flange pressures; they will not rupture or 
crush under flange pressure loads of 100,000 psi; they are 
homogencous and impervious, and will hold internal pres- 
sures of from 1,000 to 2,000 pounds per square in., 
depending on the grade of the gasket material and the 
flange pressure; they are flexible and will not crack. 

One group of these materials, made of cellulose fibers, 
finely ground cork, and synthetic rubber, is recommended 
for sealing liquids and gases at temperatures up to 250 F. 
The materials are available in three grades, in sheet, roll, 
and ribbon form, and in cut gaskets and washers. 

Asbestos sheets also are available. They are composed 
of crysotile asbestos and Buna N type synthetic rubber 
binder, and are recommended for sealing liquids and 
gases at temperatures up to 750 F. These asbestos materials, 
which are available in sheet and continuous roll and ribbon 
form, are homogeneous and non-directional, with a com- 
pressibility of 30 to 35 percent under a load of 2,800 Ibs 
per square in.; and will not crush and leak even under 
flange pressures of 100,000 psi; can be bent double without 
cracking or losing thear sealing properties. 

Armstrong Cork Co., Lancaster, Pa. 
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A new switch is said to offer the answer to all control 
>roblems wherever electrically operated apparatus has lim- 
ited space for switch installations. 

Requiring space only 14 by 4% by @ in., exclusive of 
the terminals and terminal strip, this miniature switch will 
handle resistive loads of 10 amp at 125 v a-c, and 5 amp 
at 250 v a-c. The contacts have = wiping action 
that makes the switch adaptable for use with tungsten 
filament lamp loads. A feature is the use of terminals 
integral with the contact supports. This gives a lower 
series resistance with consequent less heating, at maximum 
load. 

It operates on close movement differential, and requires 
only a few ounces for an actuating force. The single-pole, 
double-throw contacts let any type E switch be used for the 
normally open or normally closed circuit control. 


Small Size, Open Blade, Snap-Acting Switch 


~~ 


ie 








W.. L. Maxson Corp., Unimax Switch Div. 
160 W’. 34 St., New York 1, N. Y. ; 
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Heavy Duty Speed Measuring Heads 


avy duty tachometer heads, when used with th 
meter indicators recorders, or controls. may be used 
wide range of speeds, and may be used for measuring 
is of rubber extruders, metal working machines, ball 
s, cement kilns, and similar installations. Speeds be 
n 200 and 10,000 rpm for full scale indication ar 
ssured by these heads, and they can be ov rspeeded 2 to 


times without damage 


le 


“ait 


lhe stainless steel head shaft is 3 in. in diameter, and 





ported in large, sealed ball bearings. The head ¢ isting 





nodized aluminum having j in. wall and heavy mount 
feet to give stability of inital alignment. All working 
ts and terminals are sealed against dirt, abrasives, and 







lashing liquids. Electrical connections between the head 





| speed indicator can be up to 1000 teet or more. 





th provisions for using conduit or armored cable. All 





ids of the same type number are completely inter 
able and r 





quire no sncc ial matchings or ac 








Mercury Switch in Plastic Potting 


Although standard glass-enclosed mercury switches ar 


ithciently rugged for most switching jobs, newly designed 
rcury switches embedded in plastic potting compounds 





for added protection have many applications that requir: 


; 


idditional protection against mechanical shock or impac 
In addition to being stronger, these designs also are said 
to offer new methods of mounting mercury switches 

The first of these new mercury switch assemblies is the 
IMPI switch, whose overall size ts 
nd 14 in. high. This unit has less than 1 deg. differen 
tial angle, with an electrical rating of 2 amp 115 a-c; or 

amp 115 d-c. Contact arrangement is single-pole, 
ormally open. Mounting holes have been provided for 


23 in. long, 3 in. wide, 


in mounting screws and pins 





| In the mercury switch line there are more than 90 tubs 
— signs from which to choose size, variations in differen 
il angle, electrical capacity, and contact arrangement Micro § 
i i aati 


Long Life Switch for Electric Counter Use 


Designed to withstand millions of operations, this heavy 
luty electric switch may be operated by reciprocal motion 
1 by complete revolution of the shaft. Although it was 

veloped especially for electric counter actuation, it 1s 
laptable to other applications where electrical operations 


ced to be synchronized with mechanical operations 


> ; Reciprocal operation requires an arm movement of 20 
4 ; leg minimum, 340 deg maximum. In rotary operation, the 
' witch is closed 140 deg and open 220 deg of each revolu 
; on. Arm position is adjustable. Operating torque, 2 
4 oz. minimum. 
i The contact springs are nickle silver with silver points 


versize bearings, and heavy steel shaft with stecl operat 





4 7 ig arm are used. Rated at 10 amp, 115 v, or 5 amp at 230 
3 a-c, the switch measures: 6 in. x 1§ in. x 1,% deep. It ae 
Div. : n be furnished equipped with measuring wheels 10 WB’. lechson | 
I. 7. 3 
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Gasketing Materi~' 


Made by a modification of the beat 
new fiber gasketing materials called 
compressibility, combined with high 
perviousness, flexibility, uniformity, ar 

The beater saturation method treats 
dispersions of rubber or resin, distri 
over each fiber before the sheet is for 
sheet a homogencous quality, The ne 
permit the deposition of larger amo 
the fibers than was possible with th 
method. With the new process, diffe 
saturants, and fillers may be combinec 

Among the advantages of these new 
will not dry out, harden, or shrink on 
they have high compressibility which 
even under light flange pressures; they 
crush under flange pressure loads of 1( 
homogencous and impervious, and will 
sures of from 1,000 to 2,000 poun 
depending on the grade of the gaske 
flange pressure; they are flexible ard - 

One group of these materials, made 
finely ground cork, and synthetic rubbe 
for sealing liquids and gases at tempera 
The materials are available in three gré 
and ribbon form, and in cut gaskets and 

Asbestos sheets also are available. 17 
of crysotile asbestos and Buna N typ 
binder, and are recommended for se 
gases at temperatures up to 750 F, These 
which are available in sheet and continuc 
form, are homogeneous and non-directi 
pressibility of 30 to 35 re under a 
per square in.; and will not crush and 
flange pressures of 100,000 psii can be bx 
cracking or losing thear sealing propertie 

Armstrong Cork 





Small Size, Oy 


A new switch is said to offer the ansv 
sroblems wherever electrically operated aj 
ited space for switch installations, 

Requiring space only 1} by y%% by @ 
the terminals and terminal strip, this mini 
handle resistive loads of 10 amp at 125 vy 
at 250 v a-c. The contacts have yal 
that makes the switch adaptable for us 
filament lamp loads. A feature is the 1 
integral with the contact supports.” This 
series resistance with consequent less heati: 


load 


It operates on close movement differential, and requires 
only a few ounces for an actuating force. The single-pole, 
double-throw contacts let any type E switch be used for the 
normally open or normally closed circuit control. 


High Strength Cork 
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W. L. Maxson Corp., Unimax Switch Div. 
160 W’. 34 St, New York 1, N. Y. 
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Heavy Duty Speed Measuring Heads 


i, A Iaaw: Aunty tachameter head serene os 3 wth. af. 
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SING 














ads § Oversize bearings, and heavy steel shaft with steel operat- 
3 ing arm are used. Rated at 10 amp, 115 v, or 5 amp at 230 
a-c, the switch measures: 6 in, x 1J in. x 1,% deep. It Produ _— ( 
1 Div. in be furnished equipped with measuring wheels W. Jackson I ( 
mm we 
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Silicone Rubber Impregnated Fiberglass 





Arcosil 2184, a recent line of silicone rubber impreg- 
nated fiberglass materials -developed to meet the need 
for ducting, sleeves, and*couplings with resistance to high 
and low temperatures, combines a newly dev eloped silicone 
rubber compound with improved fabrication techniques 
Items manufactured from this material are said to with 
stand temperatures as high as 700 F, and remain flexible 
at 125 F, resist aging, ozon, and most corrosive fluids 
and gases. The new silicone rubber compound used is 
said to be several times more resistant to abrasion than 
any previous silicone rubber material. 

An important characteristic of the new material is that 
it lends itself readily to the forming of both simple and 
complex shapes. This has made possible new and im 
proved fabrication methods. In addition, ducts fabricated 
from the new material have less leakage. 

Items now in production and available as standard and 
custom-made parts include: helical wire supported flexible 
ducting and tubing in all diameters for high and low pres- 
sure applications ; convoluted and sleeve-type flexible coup- 
lings for hot air ducts; high pressure-high temperature hose 
suitable for handling hot air at 700 F and 2000 psi; can be fabricated with built-in T's, elbows, flanges 
die-cut high temperature gaskets; and fabric-covered sponge other special features 
silicone seals for high and low temperature sealing appli- frou 





cations. The material can be bonded to metal and ; 





ead Rubber ( Downey 





Measures Surface Electrical Resistance Directly 


A device that measures the surface electrical resistance, 
directly in microhms, was primarily designed for meas- 
uring the resistance of aluminum; however, other materials 
with low surface resistance may also be measured. 

The indicator can directly measure the total surface resist- 
ance of two sheets, or coupons, when placed between 
two self-contained electrodes. Resistance values of 0 to 
100 microhms can be read directly. Resistance of 100 to 
1000 microhms may be read indirectly. 

Resistance as low as one-millionth of an ohm (0.000001 ) 
can be measured on a direct reading linear scale calibrated 
Values of 10, 15, 20 microhms can 
be read as easily as 100 

The contains a V 
or C type yoke to accommodate aluminum sheet or largé . 
coupon. The distance between center of press and bottom 
of yoke is 54 inches. 

lhe indicator is complete with hydraulic pressure devic« 
ind pressure gage, 3 in. standard copper electrodes, vacuum 
tube d-c. millivoltmeter, resistance indicator adjuster, and 
l-c power source with suitable voltmeter and indicator 

The d-c source consists of a standard 6 v, 100 


0 to 100 microhms 





surface resistance indicator shown 


amp/hr automotive storage battery. 
supplied, mounted, and interwired. 
The components are mounted in a cabinet 13 in. hig 
20 in. wide, and 10 in. deep. 
W eltronic Co., 19500 W. Eight Mile Road, Detroit | vl 


A battery charge: 








A TORQUE SCREW-DRIVER, especially POROUS STAINLESS STEEL GAGE SNUB- body materials are 18-8 stainless st 


suited for electronics equipment and 
assembly is available in sizes for 
torque measurement from 0 to 6 in.-oz, 
to 0 to 24 in.-ounces. Apco Mossberg 
Co., 224 Lamb St., Attleboro, Mass. 


BERS that use a porous stainless steel 
disk for damping pulsating pressures 
are now available for high pressure 


service. The snubbers are made in 
+ in. SPT, and 4 in. SPT. Standard 


and brass. 


The stainless steel bod 


are rated at 20,000 psi operating pr 
sure, and the brass bodies at 15,0 


psi. Equipoise Controls, Inc., P. ‘ 


Box 269, Bronxville, N. Y. 
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Hoover Electric Motors 


since 1934 
THE HOOVER COMPANY 


Kingston-Conley Division 
92 Brook Avenue, North Plainfield, New Jersey 
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General-purpose motors. A widely varied sek 
Capacitor-Start, Split-Phase and Po 


Special-purpose motors. With sp« 
electrical characteristics for 


blowers. Motors that 
requirements is 5 


A 


\Sk 


It isn't put there for : 
Hoover Motors have an OV 
each one of them a working g! 

Like those last miles of s 
this overload Capacity iS a Sa 


needs. And it’s good t 


You see its benefits 
hard-to-start machinery 
main almost Constant ever 

And because of this great 
Motors run cooler, stay « 
their youthful vigor throug 

And service? When you 
Hoover service facilities are worl 


to protect your Customers and to gual 


name, 


1iways ready 


rood 
your xX 














Electromagnetic Pump for Molten Metals 


An a-c electromagnetic pump with no moving parts, for 
pumping liquid metals wt 

fluids at temperatures up to 1000 F, can be used to move 
any conducting fluid that has a specific resistance equal to 
or less than stainless steel (approximately 90 mi rohm-cm ) 


other low resistance conducting 


Liquid metals such as sodium, sodium potassium, alloys 
and lithium will fall in this classification 

The new pump operates on the principle that a current 
carrying conductor in a magnetic field is acted on by a 
force. In this case, the fluid serves as the conductor, so that 
when current and flux § ar properly applied, pumping 
occurs 

One of the three basic elements of the pump, a trans 
former unit, sets up a high current through the liquid metal 
and, simultaneously, a magnetic field perpendicular to 
that current. A cell unit, which consists of a flattened 


stainless-steel pipe, carries the liquid metal through th 





magnetic field. Since contact is made from the copper to 
the liquid metal through a thin wall of stainless stecl, the Electrode 
liquid must wet the wall to permit a high current to flow 
Ihe fluid must be fed into the inlet of the cell with sufh 
cient head to keep the cell full. The third basic part, a 
capacitor unit, which consists of 500 uf in parallel with 





the primary of the transformer unit, gives the power factor 
correction 

The amount of liquid metal which can be pumped 11 
given period varies with the pressure. At 20 psi, th 
pump is able to move approximately 28 gallons of molten 


l 














v 

metal per minute, according to the manufacturers. Shown 3 
in the graph is a typical set of operating curves for the a- Hi 
clectromagnetic pump a 

The transformer unit of the new electromagnetic pump 
is 19 x 13 x 12 in., the capacitor unit 22 x 15 x 10 in 
and the cell is one in. standard pipe of number 347 
stainless-steel, 10 in. long. The equipment operates on 2 | — 
230 volts at 30 amperes ol 50 coil volts 

General Electric ¢ 1 River Rd., Schenectady 5, N.Y 0 24 6 8 W 12 14 16 8 20 22 24 26 2 3032 34 & 








Magnetically Operated Level Limit Switch 


Originally designed for aviation fucl level control, a 
new line of level limit switches have been used in the 
control of liquid levels in the beverage, chemical food, 
fuel, and other liquid-processing industries 

The limit switch uses an hermetically sealed, magnetic- 
ally operated switch, minimizing the false alarms caused 
by agitated solutions and vibrations. The switch is not 
affected by high altitude nor acceleration, and no springs 
are used. Fourteen models, having variations in mount 
ings, materials, and floats, are available for aircraft us 

The weight and mass of the non-absorbent nylon float 
are not affected by moisture, and will give an accurate 
reaction throughout the life of the switch. The aircraft 
model is supported by an aluminum body casting. Th 
actuating magnet, incorporated in a count rweight, IS Posi 
tioned by the statically balanced float which opens or closes 
the electrical circuit at a pre-set liquid level 

Revere Cort f America, Wallingford, ¢ 
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want to 
clamp something | ...or position it? 


























use these 


low cost pneumatic muscles 


| hard to find a machine that doesn't require 
powerful, linear motion in some part of its opera- 
tion. Clutches must be engaged, objects must be 
grasped and held fast, heavy loads have to be moved 
in a straight line. 

Air is the answer. Pneumatic cylinders exert 
powerful, cushioned force for any holding opera- 
tion. Pneumatic actuators allow hair-splitting ac- 
curacy if you want to position something exactly. 
In addition, you have your choice between a very 
wide range of air controls that permit the most com- 
plex interconnected assemblies. 
CONTROLAIR But the best part is this: you can buy everything, 

VALVES ; the cylinders, actuators, control valves amd the com- 
pressor from one company, Westinghouse Air Brake 
Company, world leader in engineered pneumatic 
control systems. 

There's a Westinghouse Air Brake Company dis- 
tributor near you; just look in your Classified Di- 
rectory under “Air Compressors.” He'll be glad to 
show you how Westinghouse components can help 
you engineer a better product. 


~ 


We a Dae ies, ee ee 
4 
eh 
june 
e 





mr |e 
ll Menno 


; 


don. 


Factory Branch: Emeryville, Calif. 
in Canada: Canadian Westinghouse Co., Lid., Hamilton, Ontario 
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New Line of Heavy Duty Connectors 


Design and construction of the AO line of heavy duty 
plugs and receftacles, make them adaptable for the extreme 
conditions of temperature, moisture, dust, vibration and 
shock found in the operation of military equipment. The 
plug and receptacle types follow, in general, the basic 
design of the standard AN and associated types, although 
their construction has been simplified for rugged use. 

Insulators are made of special resilient materials 65-70 
shore hardness with good dielectric qualities. Shells are 
aluminum alloy w ta cadmium plate and natural iridite 
finish 

Contact arrangement of insulators follow the design of 
standard AN insert drawings. The contacts are high con- 
ductive material, silver plated. Both pin and socket con- 
tacts may be removed for soldering. 

Waterproof tested at 250 F for 70 hrs. with insert 
material indicating no signs of decomposition or tackiness. 
In place of the usual endbell found in most aircraft con- 
nectors, a grommet retaining nut fits over the grommet and 
terminals to give a weatherproof cable entry seal. 





Cannon Electric Compen 


3209 Humi lat . * L Angele 41, Ca 





High Speed Motorized Switch 


A motorized switch has been developed that will inter- 
rupt an inductive, high current load to introduce an activat- 
ing signal in a control circuit, or any circuit where high 
speed single pole double throw switching action is desired. 

The motorized switch is a combination of the moto-mite 
motor, governor controlled if required, a small concentric 
gear reduction and a single pole double throw switch 
mechanism. Gear trains of 23 gear ratios are available for 
switch speeds of from 0.6 C.P.M. to 500 C.P.M. The 
governor can control the speed accurately over a wide 
range of input voltages. The actual size is 44 in. x 1§ in. 
including governor for an 800 C.P.M. unit. The weight 
is approximately 9 ounces. The motor voltage ranges from 
6 to 90 v d-c. The motor switch features heavy duty 
tungsten contacts, wiping action on contacts, and positive 
make and break of contacts. All switch and motor con- 
nections are located at the top on the terminal block. 

The switch capacity is 450 watts. It is available with 
a specd governor, for close speed control at varying motor 


voltag. 


The unit is flange mounted in a 14 in. square. 





Globe Industries, Inc., 125 Sunrise Place, Dayton 7, Obi 





MANUFACTURERS OF FILTERS for high 
temperature and high altitude applica- 
tion are now supplying filters especi- 
ally designed for noise attenuation 
from 14 ke to 1000 mc wide in a 
variety of circuits. With metallized 
paper capacitor sections and specially 
wound inductance, desired characteris- 
tics of high impedance, low voltage 
drop, and minimum heating can be 
obtained. Astron Corp., 255 Grant 
Ave., East Newark, New Jersey. 


POWER OUTPUT of the standard line 
of saturable transformers is phase re- 
versible a-c with output Aad of one 
watt to one kilowatt, both 60 and 400 
cps. Both open type and hermetically 
sealed units are available. Ambient 
temperature limits are from —60 C 
to over +80 C. Speed of response of 
these circuits is in the order of 1 to 5 
milliseconds. Magnetic Amplifiers, 
Inc., 11-54 44th Drive, Long Island 
City, New York. 


A NEW DEVELOPMENT in single phas« 
vatiable speed motors in fractiona 
horsepower is designated as type VA-C 
varidrive, and is made in 4, 4%, 
and 3 hp. The new motor uses 11( 
or 220 v, and has speeds in a 10:1 
ratio with the range from 4 to 10,006 
rpm. A control dial will change th: 
motor’s speed without stopping, elim 
inating an external speed changing 
device. U. S. Electrical Motors, Inc., 
Box 2058, Los Angeles 54, Calif. 


CONTINUED ON PAGE 230 
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You Specify... * 
mAs’ (-We a geteltla= 


Eastern Tool & Manufacturing Co. is com- 
pletely equipped with automatic machinery 
and staffed with experts for the production of 
wire. forms, metal specjalties and close toler- 


ance deep-drawing. 
We are ready to handle a wide variety of 
wire and metal sizes and shapes, both fer- 


rous and non-ferrous, from specifications 


to finished product. May we quote on , 


your requirements? 
100 


Send for Bulletin No 


SEPTEMBER, 1952 
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A new 


ty pr of brak« 


' motor 1s now 
available for use with a line of trans 
Th< 
and 3 hp model shown in the photo 
graph is available 
the 


missions in sizes from } to 3 hp 


with or without 


motor 
The built-in brake motor provides 


for the tummediate 


stops required in 
indexing and positioning work. This 
feature, plus the other advantages in 


such as 


the drive wid “p ed range 
with exact speed holding and ability to 
resct at a given speed, are said to make 
the unit well suited for applications 
requiring high accuracy. These appli 
cations include metering and propor 
tioning work and jobs where the speed 
of on part ot 


a materials handling 
systcm 


must be synchronized with an 


other part 

The in all sizes from 
4 to 3 hp, ts available with or without 
built-in reduction of helical 
spur types. A wide range of controls, 
including micrometer, lever and re 
mote electrical may be had. The com 
plete assembly of transmission, built-in 
motor with or without brake, built-in 
reducer and control, mounts with only 
four bolts, and is more compact than if 


transmission, 


worm ot 


cach element were to be mounted se pa 


Brake Motor in Variable Speed Transmission Unit 





rately. The transmission has built-in 
overload protection to prevent damage 
to the unit or to other parts of the 
power transmission system in case of 
a jam in the driven equipment 

The new brake is a direct acting disk 
type with rugged design, fewer parts, 
smooth and instant action, cooler oper 
ation and no solenoid or mechanical 
linkages. Motor and brake are con- 
nected in parallel. Starting the motor 
simultaneously energizes the magnet 





coils. The magnet attracts the ma; 
armatures ‘which are attached to 
pressure plate, compressing the spr 
and releasing the pressure on the dis} 


Stopping the motor de-energizes 


coils. The spring tension then fo 
the pressure plate back, apply 
steady pressure to the disks, 


quickly stopping and holding the k 


N. Holton St., Milwauke 


3754 





Clear, plastic case instruments with 
black dial faces are made in three sizes 
and nine standard temperature ranges 
for 


measurements [rom minus 200 to 
plus 3000 F. The corresponding Cen 
tigrade 1S shown 


Automatic cold junction compensa 
tion is accomplished with a bimetal 
spiral on the bottom torsion spring. A 
variable permiability magnetic shunt 
across the poles of the magnet cor 
rects for copper crror 

The millivoltmeter movements ar 
medium high sensitivity at four ohms 
per millivolt (222 ohms for 2500 F) 
They may be supplied with calibration 
for any standard type of thermocouple 
A calibrating resistor is included for 
adjusting the meter to different length 
of thermocouple leads 

The clear plastic front cover is a 
one piece construction and snap fit to 
the case. The to breath 
with changes in atmospheric pressur 
The three model 451, 4} 


case 1s tree 


sizes are 





in 
2t 


Black Face Pyrometers In Three Ranges 


model 351, 3} in 


and model 


1, 24 All are for semi-flush 


inch 





mounting in non-magnetic 
Assembly Product 


material 


Inc., Chagrin Falls, O/ 
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PRP 
announces 


a New 
Product 


Synthetic rubber sealing 
member bonded to 
steel ring. 














* trademark registered Synthetic rubber sealing member bonded to steel ring for sealing circular flat 
U.S. Patent 2,455,982 surfaces, bolt heads, rivet heads, flanges, special fittings —no grooves neces- 
sary. Seals all pressures against water, all types of petroleum products, 

many other fluids and gases. Countless applications. Write for free handbook. 


recision er Products 


earner a CO ATION 2o 2 "umm 
The “O” Ring Specialists 
Dept. 3, Oakridge Drive, Dayton 7, Ohio 
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Device Measures Elapsed Time Between Events 


The model 550 universal counter and timer gives a 
direct reading of elapsed time between any two events; 
a direct reading of the number of events that occur during 
a precise time interval; an accurate means of measuring 
low frequencies; a means of measuring the duration of 
light interruptions of light flashes; and a method of 
measuring velocities. Time intervals over a range of 10 
microseconds to 1 sec. can be measured directly with an 
accuracy of +10 microseconds. Events occurring either 
regularly or with random distribution at rates of from 20 
to 100,000 events per second can be counted. The basic 
error is +1 event, therefore at maximum range accuracies 
of 0.001 percent are possible. The period of frequencies 
from zero c.p.s. to 100,000 c.p.s. can be obtained with 
an accuracy of +10 microseconds. By the use of auxiliary 
photocell attachments the interval between two separate 
light flashes may be timed, or the duration of a light flash, 
or a dark period may be determined with an accuracy of 

10 microseconds 

The flexibility of this unit permits it to be used as a 
precision frequency measuring device, as an electronic 
tachometer, as a secondary frequency standard, as a means 
of measuring the ratio of two independent variables, or 
as a multi-purpose general laboratory instrument. The 
direct decimal presentation of results eliminates conversion 
and lessens the possibility of resultant error. The unit will 
automatically and continuously count and display results. 

Input requirements: 

Events per unit time channel: any positive wave shape, 
amplitude 0.2 to 50 v’r.m.s. Input impedance 0.05 micro 








micro farad condenser in series with 250 K potentiometer. 
Time interval pulse channel: either positive or negative 
pulses with a rise time of 1 v per microsecond or bette: 
Maximum sensitivity 1 v peak. Input 100K potentiometer 
Time interval photo-wave channel: maximum sensitivity 
0.5 v r.m.s. Either positive or negative waves. 
Berkeley Scientific Corporation 
2200 Wright Ave., Richmond, Calif 





Plug-In Replaceable Electronic Subassemblies 


A replaceable electronic subassembly, suitable for sub- 
miniaturizing vacuum tube circuits such as multivibrators, 
analog computing amplifiers, and counting chains, is being 
manufactured to meet demands for reduction in size and 
weight to make room for fuel and armament, in military 
craft. The unit is suitable for operation under conditions of 


vibration, temperature, and humidity found in jet planes 
and meets specifications AN-E-19 and MIL-T-5422. 

Eight to twelve sub-miniature tubes plug into a high- 
thermal-conductivity magazine on top of a component space 
which is filled with a special thermo-setting compound after 
assembly. A removable shield cannister makes the thermal 
contact, allowing a total of 15 watts to be dissipated. 

Input and output leads are brought to a standard 11 
pin base, or multi-pin connector which permits the assembly 
to be plugged in like a tube. A fastener provides for 
mechanically securing the assembly to its socket. 

A series of precision d-c analog computing amplifier 
circuits are also offered pre-packaged in the assembly. A 
typical circuit is a balanced direct coupled amplifier having 
nominal closed loop characteristics, such as: Output imped- 
ance one ohm, gain (open loop) 500, terminals for 
chopper = zero stabilization provided for zeroing to less 
than 3 millivolts referred to input. The size of an eight 
tube replaceable assembly of this type ‘s ly’g x lyq x 34g. 


Avion Instrument Corp 
299 State Highway No. 17, Paramus, N. ] 





CONTINUED ON PAGE 234 
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Accurate Wide Range 


With its 200 to 1 ratio of speeds starting at 0.3 rpm 
the new cight-speed model LVT viscometer has application 
where wide ranges of viscosity may be encountered. When 
equipped with a UL adapter, an accessory designed to give 
special amplifying effects, the model LVT can measure 
any viscosity between 0.5 cps and 2,000,000 cps with great 
accuracy 

All models of the viscometers are portable and may be 
uscd in the laboratory, or plant Each unit has a new 
bubble level attachment for correct leveling when making 
point-of-process determinations. Determinations are read 
directly in centipoises by inserting the instruments spindle 
in the material to be measured, and turning on the device, 
with the whole operation taking only a minut 

Each viscometer has a complete set of spindles, a 
spindle holder, and a carrying case that holds both the 
viscometer and spindle holder. Other viscometers includ 
n 


some 10 other single and four-speed models, availav le 

speeds up to 600 rpm Any standard model may be 
obtained with explosion proof construction if necessary 
This design adds little to the instrument's weight and bulk 
and does not affect its portability 


Brookheld Engineering Labs., Inc., Pos S?., Stoug Mu 


A new miniature plug-in amplifier having high gain 
and relative ind pe ndence of power supply voltage fluctua 
tion is a compact unit, which measures approximately 


1{ x 24 x 3 in. and is potted in a steel case, to reduce 


microphonics. Specific characteristics include a maximum 


gain of 9000 and a flat frequency response from 2 to 
1000 cycles per second. Power supply requirements cor 
sist Of 600 ma, 6.3 v filament supply and 0.5 ma, 250 
v plate supply. Maximum output voltage ts 20 volts. Out 
put impedance is 5000 ohms Input impedance is 5 


) 


vohm Input rany ; 5O microvolts to millivolts 





wide-rang 


PI my 
ntcyrating routs n which int pration 1s obtained by a 
stabilizing of the negative feedback circuit. Because of its 
single-stage characteristics, the amplifier will accept a larg 


negative feedback without instability 





























Viscometers 





Potted Plug-In High-Gain Amplifier 




































A plug-in line voltag allast resistor ind allowing a lower potential to be 
designed primarily to be pluge d it applied Type TVA, 200 to 330 w: 


lectric f and type TVB. 


between a TV set and an 


ceptacle, ts us d in areas where lin Clarostat Mfg. Co., 


voltage tends to increase up to 14¢ 





300 to 375 watts 


Inc., Dover, N. H 


volts. The unit operates on the ballast UseED FOR FIELD SAMPLING and min 


principle, whereby, as the voltage in cralogical research, a portable twin 
creases, the resistance increases, giving _ lite blacklite measures 1 in. high by 


an increased drop across the resistan 2 in. wide by 6 


in long Complete 








with a 6 ft. cord and plug which plu 
into a two battery (45 volt B) carry 


case, the hand unit has two 4 wa 


blacklite lamps, and peaks at 3,6 


angstrom range. Both units have 
right chrome reflectors The hand 
may be plugged into any 110 v, 
cycle line. Norco Mfg. Co., 


Bleecker St.. New York 14, N. Y 
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: MAXITORG 


COMPANY 


The Maxitorg floating disc Clutch was selected as standard 


equipment in 1949 for the 4 sizes of the Pipe Threading and 


Cutting machines manufactured by the Bignall & Keeler Divi- 


sion of John Ramming Machine Co., St. Louis. 


Their chief engineer says, “During this time we have had no 


service trouble involving the clutch or drive. Accessibility of 


the clutch and simplicity of its adjustment have contributed 


to a most successful design.” 


Maxitorq engineers are always pleased to see an 
application such as this, where it ts possible to 
adjust or replace the clutch without tearing down 
the machine. One of our design objectives is to 
get more machine builders to adopt this policy. 
Maxitorq, however, gives top performance where- 


ever it is installed. 


If you require smooth, reliable power transmission 


within the Maxitorg range (8 sizes from fractional 
to 15 H.P. at 100 r.p.m.) single or double, wet or 
dry ...ask our engineers for recommendations 
Design is compact, streamlined . completely 
assembled on body and shipped ready to slip onto 
a shaft. Separator Springs prevent drag, abrasion, 
and heating in neutral... all assembly, adjustment 


and take apart are manual operations. 


SEND FOR CATALOG NO. PE9. 
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Time Control of Cylinder Powered Niachines 


A recently introduced time delay switch has a wid 

iricty of thrust linkages for either right or left down 
thrust, upthrust, or horizontal thrust actuation. The new 
witch increases the application and widens the use of air 

nd hydraulic cylinder power in controlling machine move- 

1ents by providing controlled time dwell at positive stops 
on either end of the cylinder movement. These time delay 
,witches are said to offer a practical hydraulic method and 
low cost answer for accurately controlled time dwell, and 
are making possible automatic control of many machine 
and tool motions. 

The new switches can be furnished to dwell in any 20 
to 1 ratio from a minimum of } sec to a maximum of 60 
seconds. Changing of the liquid viscosity in the dashpot 
will give variation in the dwell ratios. Time delay adjust- 
ments within the 20 to 1 ratio are quickly made by turning 
the knurled adjusting screw on the switch housing. 

The switch is also available in explosion proof and vapor 
sealed types. Compact in size, the time delay switches can 
be mounted at the cylinder where their small size offers 
no obstruction or interference to machine movement. 

Pneu-Trol Devices, Inc., 1448 N. Keating Ave., Chicago, II 








Waterproof, Precision, Snap-action Switch 


A waterproof, snap-action switch having potted, water- 
proof terminal leads, and a hermetically sealed contact 
chamber, makes possible the use of precision, snap-action 
switches at locations which are subject to immersion, and 
will be of particular value for applications on marine and 
amphibious craft. The waterproof, hermetically sealed 
character of this switch also makes its use possible in air- 
craft, mobile, and marine applications where moisture, 
dirt, and other conditions could damage, reduce the capa- 
city, or short the terminals of other switches. 

The waterproof leads, which are connected to the ter- 
minals of this switch, are potted in a high-dielectric plastic 
which completely seals the terminals and leads. These 
type 4HS switches are available with leads of any required 
length, and can be supplied with waterproof couplings. 

The metal case of this switch is sealed at the top by 
1 metal diaphragm, through which the external actuating 
lever operates. The contact chamber is filled with an inert 








gas under pressure and sealed. All parts of the switch, can be had with single-pole, single-throw, or double throw a 
including the waterproof embedment, are constructed to Characteristics: Operating force, 16 oz, 6 oz; releas \ 
resist damage in applications where strength is essential. force, 4 oz, min.; pretravel, 0.065 in., max; differentia f 

The electrical rating of the 4HS switch is: 10 amp _ travel, 0.020 in., max; overtravel, 0.010 in., min; contact 
inductive load, or 25 amp resistive load, 28 volts d-c; 1 break distance, 0.036 in., minimum. 
amp inductive or resistive load, 125 volts a-c. This switch Micro Switch, Fre ; 





A NEW HEAVY-DUTY UNIVERSAL ELECTRICAL INSULATION made of A LAMINATED PLASTIC GROMMET tl 
JOINT has a 6 in. hub dia, anda length fiberglas coated with silicon rubber, springs out and holds tight is mecha: 
of 1514 in. (single joint) and 25 in. offers high heat resistance, and re- ically and dielectrically strong, rests 
(double joint). Weight of the single tards fraying. Dielectric strengths in ant to high heat, hot oil, and excessi 
joint is 98 Ib and of the double joint, different NEMA grades from 1,500 humidity. The ring is grooved, be 
155 pounds. The joint has forks cast to 7,000 volts; temperature range from _eled, and a diagonal slit made to © 
of alloy steel. Curtis Universal Joint —90 to plus 400 F. Bentley, Harris lease the tension.—Continental-D: 
Co., Springfield, Mass. Mfg. Co., Conshohocken, Pa. mond-Fiber Company, Newark, De 


CONTINUED ON PAGE 23> 
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+ FROM THIS DIE- 


+ Since Sept. 1947 


CASE HISTORIES FROM 
MT. VERNON FILES 


Here at Mount Vernon, we are proud of our If you have not already profited by the econ- 
long-lived dies that “‘stand the gaff’, exceed omies to be gained from die casting, consult 
normal life expectanc, despite the severe with us. We are confident that, with our com- 
punishment of continuous operation. The one prehensive experience, skills and modern fa- 
pictured has duplicated the casting shown cilities, we can show you the way to increased 
more than 1,300,000 times—and this die is output at lower cost. 

still in use. 

Die casting affords two outstanding produc- 

tion economies: (1) rapid production; (2) re- 

duced machining and finishing. 


Both advantages are fundamental factors in 
establishing lower unit costs. But the degree 


to which savings may be realized depends 

upon the quality of the workmanship in mak- a T. Vv E ee co ° Lad 
ing the dies and the care with which they are DIE CASTING CORP. 
used. Dies that retain their accuracy for longer 
periods—yield clean, flawless castings day in 
and day ouvt—quickly write off initial costs, 
and reduce ultimate costs appreciably. 


MT VERNON NE WwW Yor x 


Produced for The Apex Electrical ‘Mfg. Co 
Cleveland, Ohio 
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Pivot Bearing Assembly 


An instrument type pivot beari: 
sembly, consisting of a hardened 
polished steel pivot mounted in a 


set screw with a hex nut for lo 
LOW COsT this adjustable assembly in positio 
useful where a low friction stror 
® sembly is necessary either with a j 


FINISHES ” ellie 
52 | TS met tthe 

for zinc, provioressit |) 

cadmium, aluminum a coined vee, or a chanferred hol 


shaft. The pivot is made of hard « 


and CUprous grained steel, heat treated and polis 


to a metallographi finish. The p 


provide metals has a PRI of 0.002 in. to ay 


with a 53 deg cone angle | 








v 
.) 
S 
Q 
= 
a 








Ricieansinsateras 
» 


set screw is of mild steel with a 


corrosion resistance Lies cited ited akon sleek 


prevent corrosion and improve app 


Pt 
’ ance. The nut is also albayloy plat | 
paint base and is used with a ,3, in open 
wrench to lock the adjustment 
choice of whe Bilan 
. . 


appearance 


And they are easy to New Bushing and 


apply! Just a simple chemical dip Bearing Extractor 
for only a few seconds produces the coating. 


A bushing and bearing extractor f 
LOW MATERIAL blind holes, is claimed by its mat 
facturers to save up to 75 percent « 
the time in extracting bushings, bea 
AND SHIPPING cosTs Ings, sleeves, liners, roller be ar 


combine to make Iridite the most economical chrom- 1, and races of magnet ‘YPS , 
ate finish you can buy. Many Iridite chemicals are 
packed in powder form, thus can be shipped to 
you in steel pails at freight savings of up to 
75°)! Pails take less storage space, are 
easier to handle, eliminate carboys, 
need not be returned. 


Ings 


The new extractor consists of eight 


WHY NOT TEST IRIDITE ON YOUR PRODUCTS? Write for 


‘ 


free test processing. See ‘Plating 


terature and send samples for 


Supplies’’ in your classified telephone directory or write direct. 








Iridite is approved under government specifications. 


LLIED Researcu Propucrs 


INCORPORATED 


4004.06 E. MONUMENT STREET « BALTIMORE 5 MD 
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the water 
has no place 
to go— but out! 








The ARS Ordnance Lighting Switch pictured here will 
make and break the circuits under water. Three separate 
throw type contact switch mechanisms are operated by 
three levers located on the outside of the case. Surround- 
ing each lever shaft is a seal, specially designed to keep 
water from passing along the shaft. 

As shown in the cut-away view, the sealing elements are 
synthetic rubber, precision-molded with two balanced lips, 
each tension tightened by garter springs to insure a uni- 
FREE formly secure grip — and housed in a steel casing. More 


O-RING BOOKLET than 70,000 of these seals have been furnished to this one 
16 pages of illustra- 

tions, application data manufacturer. 

eg mage G&K-INTERNATIONAL is ready to work with your 
I) copy. engineers in designing special applications or to supply 
standard packings types to JIC standards. Call upon us 


for your packings needs, in leather or synthetic rubbers. 









Courtesy Joseph Pollak Corporation 





‘ second 
century 


| . Leather and synthetic packings 


4 ep Address correspondence to 
{ estas nas) 


GRATON & KNIGHT COMPANY INTERNATIONAL PACKINGS CORPORATION 
Worcester 4, Mass. Bristol, New Hampshire 
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New Parts and Materials conti 


threaded expanding arbors, a « 

table with two sets of legs, short 

long, adjustable as to distance fron 

work, and can handle any hole f 
——a 1 in. to 2 in. diameter. A maximar 
$223442%%- 24 in. may be drawn at one sett 

O FIT THE ‘ * : 2 and press fits of over five tons hx 
BWC macine = - been extracted with this unit. Bec: 
~~ AND THE of its adjustability, this set elimin 
the need of stocking many sizes 
-_ ” pulls, therefore reducing dion 


: 
WISCONSIN-POWERED Crozier Machine Tool 


4-cycle 648 N. Prairie Ave., Hawthorne, ¢ 
Gardner-Denver Compressor Pe 


This Model TPO493LE Portable Compressor, made by Gardner- . 

Denver Co., Quincy, Ill., is supplying air for the ctaniiion ofa = Rubber, Bearing-Type Sea! 
Model $17 Utility Drill, engaged in a plant maintenance job. ‘ é 

Complete power reliance is placed on the Model TF 2-cylinder Za, 67 to 13 hp. A new positive, two-piece bear 
Wisconsin Heavy-Duty Air-Cooled Engine. ( . type seal to prevent oil leakage from 


- - “> senate rear main bearings of automotive en- 
covering, to the satisfaction of themselves and their customers, ‘ icki | 
' yines re wi z seals 
that you can't do better than to specify “Wisconsin Engines”... V-type sages ll places — re cing ‘ 
for dependable power to fit both the machine and the job. ates . as well as incorporating a new tech 
. : ‘ . : : 
Available in a complete power range from 3 to 30 hp., in : 2 nique in shaft sealing. Made of oil 
4-cycle single cylinder, 2-cylinder and V-type 4-cylinder models, resistant hycar rubber, it is precision 
Wisconsin Air-Cooled Engines provide economical power, with- molded into a lip-type seal on a half 
out waste, to meet the most exacting requirements. Look into 1 
them for your use. 


More and more builders of engine-driven equipment are dis- 


circle U-channel metal band. By fitt 
two of these half-seals around the 


WISCONSIN MOTOR CORPORATION 


World's Largest Builders of Heavy-Duty Air-Cooled Engines 
MILWAUKEE 46, WISCONSIN 





Serving 


crankshaft and tightening together, a 


positive oil seal is obtained. 
The metal base of the seal prevents 


y distortion, and the rubber covering is 
WA S bi EF Re molded to tolerances as close as th 
and bearings and grind of the crankshaft 
Engine speeds up to 4,800 rpm are 
possible because the rubber resists th 
STA M | N hy effects of temperature changes, abra 
Se Oana. sion, automotive oils and greases with 
y : added detergents, and engine acids 


rd © « : Brummer Mfg. Co., 1320 McKinley S: 
Standard and Special Washers, gm AB sé -_— Chicago Heights, I) 


of every description, from every 
kind of material, any desired Power Supply For 
finish . . . designed for every aN Ppty 

purpose ... utilizing more than et ale Large D-C Motors 

22,000 Sets of Dies. A complete, self-contained all-pur 


Let us Quote on Your Needs. al pose industrial selenium rectifier, meas 
; uring 26 in. x 40 in. x 65 in. high 


w R i) " H T W ‘d operates from standard 3 phase a 
power lines, and turns out 230 v of d 

U A S H E h a Pe ao with sufficient capacity to run large d 

THE WORLD’S LARGEST PRODUCER OF WASHERS motors up to 25 hp, or energize ele: 


2213 SOUTH BAY STREET o MILWAUKEE 7, WISCOMSIM = tro-magnets and other d-c equipment 
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FAST’S Couplings usually outlast 
the equipment they connect! 


CTUAL cases »n record show many Fast’s Coup- 
lings are still in service after as much as 30 
years of continuous operation! Time and time again, 


Koppers Engineering Service can help you, write 
today for a free copy of our catalog to: KOPPERS 
COMPANY, INC., Fast’s Coupling Dept., 239 Scott 





her, ; : ; 2s ; 
_* equipment has been replaced while the original St., Baltimore 3, Maryland. 
basen Fast’s Coupling remained on the job. 
ing i Here’s How FAST’S Save You Mone 
mg 1 To you, these records of dependable, trouble-free ° Y 
is the . y P . " 
shaft service mean freedom from costly coupling failures Free Service—Koppers free engineering service assures you 
age when you specify Fast’s. And they mean Fast’s cost the right coupling for the job. 
ts the you far less to own and operate . . . because their — sical alll aatiaai - 
dies cost can be amortized over long years of depend- “¥99e¢ Construction—Fast's still maintains its original dle- 
baw she moctarmeace sign, without basic change or sacrifice in size or materials. 
_ P z Result: freedom from expensive coupling failures. 
ds 2 . 7 . 
—_— For full details on how Fast's Couplings and Lowest Cost per Yeor—Fast’s Couplings usually outlast 
“4 1) , equipment they connect. Their cost may be spread over 
. § yA many years! 

wy 

Si 

¢ KOPPERS COMPANY, INC., Fost’s Coupling Depr., 

5 239 Scott St., Baltimore 3, Md. 

f THE ORIGINAL oe , _ 

r) Gentlemen: Send me Fast's Catalog which gives detailed descriptions, 
-pur $ GEAR-TYPE engineering drawings, capacity tables and photographs. 
neas 2 
high 7 Nome 
> a- 

Compony 

f d 
e d-~ Ad Jjress 
elec : 
nent > INDUSTRY'S STANDARD FOR 32 YEARS L 
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New Parts and Materials contin 





The 
to wear Or require attention, no n 
and long life; no tubes or other per 
able parts; over-load and surge 

pacity up to 600 percent of nor: 
rating; low stand-by power consur 
tion and high operating efficiency, 
prox 50 percent; instant operation 
time lag or warm-up period requir¢ 


rectifier has: no moving ¢ 













Mellap é Electronic Rectifer ¢ l 
Rochester 2, N 






Alkaline Tin-Lead Stripper 






A new alkaline chemical for t 
rapid dissolving of tin, lead, tin-k 
clectrodeposits, heavy solder, and hot 


dipped coatings will not attack ba 
metals, such as cOpp¢ a brass, bronz 








steel, and stainless steels Used 
water in a concentration of one Ib/ga 
it is heated to from 160 to 180 F 
The stripping action on bath tin ai 
lead is fast, and thicknesses of 0.0 
in. to 0.010 in. are removed in o1 
hour. When the time required for 
stripping increases by about 25 per 


cent, additions of 8 oz/gal. of cher 

” pt 
with a ical should be made. There is a lin 
to the number of additions that can | 


made because the bath will build up 



















€ start-and-stop cycles are toughest, you'll find Star Brake- lead, retarding stripping action 






ors on the job, hour after hour, day after day! 





The extra-large braking area of Star-Kimble Brakemotors assures 





Phase Sequence Relay 
quick stopping, positive holding of the load—gives long service life oe Coa Relay 







with little maintenance. Small air gap between electromagnets and A phase sequence relay recently 
brake disc results in extremely fast re/ease—allows motor to start troduced is said to give positive phas 






protection to all types of polypha 


smoothly, without friction drag. Other features: 
, rotating machinery, which might fun 







Brake discs mounted close to motor for low wear and strain on shaft tion imprope rly, or be damaged by th 
application of reverse phase sequen 
extremely low voltage, or single phas 






and bearings. Magnets mounted away from motor for cool operation. 







Quick, simple adjustment of braking torque. Automatic re-set hand woltese 








release—an exclusive, patented Star-Kimble feature. The relay is compact and substa: 











tially constructed for continuous sery 
Remember . . . a Star-Kimble Brakemotor is a com- 


pact, integral unit—motor and brake bwi/t together 
to work together. Each Star-Kimble Brakemotor 1s 





ice. It operates on a simple princip! 







designed for specific service requirements—-by the 






company that pioneered disc brakemotors and has 






applied them successfully, for more than 25 years, 






Want to know how Star-Kimble 
Brakemotors work — what torque 
and motor ratings are available? 
Write for free Bulletin B-501-A. 


-KIMBLE 


MOTOR DIVISION OF 
E PRINTING PRESS & MANUFACTURING CO. 

















11] Bloomfield Avenue 





Bloomfield, New Jersey 
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oe | MEEHANITE Castings in this 
= id HIDUTY Lift Truck 


RANSITIER Truck Co., Portland, Oregon, specify 
: T2 important cast components in their line of 
N ; ° HiDuty Lift Trucks (Fig. 1) in Meehanite metal. 
The importance of these parts is further emphasized 
by the fact that in recent months a number of them 
have been redesigned from original steel and bronze 





per specifications. In addition to the ones shown, the 
— following parts are Meehanite castings: 
in-lead bs / : 1. WHEEL SPACER 5. TRANSMISSION CASE 
ad hot 2. HYDRAULIC VALVE BRAKE DRUM 
c ba . - 
alee BODIES(2) WHEEL HUB(1)* 
ed 3. CLUTCH DRIVEN PLATE HYDRAULIC CYLINDER 
»/ ga ; ‘ 4. CLUTCH SUPPORT PACKING NUT (2)* 
F | ; *JIn addition to similar parts shou n. 
In at - ; i 
0.005 ; Y i The design and specification of these components 
oe is a good example of the beneficial results of team 
“y= , work between a foundry manufacturing high prop- 
per erty, high quality castings, and a manufacturer alert 
chen to the possibilities of incorporating depe ndability 
Tames ge into his product through proper specification. The 
it 4 , use of Meehanite castings provides a sure knowledge 
up that both service and production requirements will 
. be met regularly and repeatedly. 
Write for our new Bulletin 35 “Meehanite Cast- 
: Snee Gorwe ; store @ 
4 f STEERING ings Serve all Industry. 
GEAR Take Your ¢ 
HYDRAULIC VALVE BODY MOUNT 
\ MEEHANITE |! 
ly /, American Brake Shoe Co. . » « « « Moahwoh, New Jersey 
phas STEERING CABLE DRUM oa The American Laundry Machinery ‘Co. - « « « Rochester, New York 
ph 1S : Atlas Foundry Co [ss ee ee 6 4 *& eo OS eee 
; Ronner Iron Works . . . see ee @ ee s Ok a, Gee 
fun Barnett Foundry & Machine Co - « « « « tevington, New Jersey 
ry th E. W. Bliss Co ah re ae Hostings, Mich. ond Toledo, O 
. . Builders Iron Foundry . . . «© « « « Providence, Rhode Island 
— Compton Foundry p> ub ee & & @ ate Compton, Calif 
phas ' , Continental Gin Co ° . « « « « « Birmingham, Alobome 
. Crawford & Doherty Poundey Co Portland, Oregon 
3 The Cooper-Bessemer Corp ers Vernon, Ohio and Grove City, Po 
»stal ~S - = Empire Pattern & Foundry Co ee 6s «8 Tulsa, Oklahoma 
sery WHEEL HUB ss ey 3 Farrel-Birmingham Co., Inc. . . «© «© «© «© « Ansonia, Connecticut 
, ipl 3 ‘ ; Florence Pipe Foundry & Machine Co ar Florence, New Jersey 


Fulton Foundry & Machine Co., Inc. . «. «© «© « « Cleveland, Ohio 

General Foundry & Manufacturing Co de ib we @ Flint, Michigan 

Greenlee Foundry Co. o «© © « «© « « Gee, Giaeh 

The Hamilton Foundry & Machi: ne Co ‘i - * @ . Hamilton, Obie 

& Hardinge Company, Inc » e ; 2a ee « New York, New York 
Hardinge Manufacturing Co . - |. so York, Pennsy!vanie 
Johnstone Foundries, Inc ~ «+ « « « « Grove City, Pennsylvania 
INTAKE and Konowha Monufacturing Co. . . . . « Charleston, West Virginio 
EXHAUST MANIFOLD Lincoln Foundry Corp ; : <¢e«s% &€ Los Angeles, California 
iin ££ « + «€§ ¢€ & ¢ @.8 6.6 < Orillia, Ontario 

Otis Elevator Co., Ltd. ie <¢ ee ae . Hamilton, Ontario 

The Henry Perkins Co... . «© «© «© «© «© Br dgewoter, Massachusetts 

Pohiman Foundry Co., Inc. ae a ee ee Buffalo, New York 

Rosedale Foundry & Machine Co *. & * Pittsburgh, Pennsylvania 

Ross-Meehon Foundries. . . . «© «© « « Chottonooge, Tennessee 

Shenango-Penn Mold Co. . . « «© «© © © @ + Dover, Ohie 

Sonith Industries, Inc. . . . « « s = Indienapolis, ind 

HYDRAULIC HYDRAULIC CYLINDER SHEAVE Standerd Foundry Co. . . . - « « Worcester, Massochusetts 
The Stearns-Roger Manufacturing ‘Co. a a Denver, Colorado 

VALVE CAP PACKING NUT Traylor Engineering & Mfg. Co ~ « « « « « Allentown, Pennsyivenia 
Valley tron Works, Inc. . @ St. Poul, Minnesota 

Worren Foundry & Pipe Corporation Phillipsburg, New Jersey 


MEEHANITE ® NEW ROCHELLE, N. Y. 
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TYPE D 


Send for Nicholson 


FLOAT BULLETIN 650 


Complete Data on Welded Floats; Diagrams, 
ol Tables, Formulae for Caiculating Buoyancies 


The booklet is a standard reference for 
specifiers of welded floats. Nicholson 
furnishes any type for external or inter- 
nal pressures; in stainless steel, Monel, 
chromium, cadmium or copper - plated 


















a SEWALL SPROCKETS 


right out of 
the catalog 








If your product calls for any of these roller chain 
sprockets as diagramed, the new Sewall Stock 
Sprocket Catalog can save you time and money. 
May we send you a covy? 

Sewall sales engineers will welcome 
your inquiry on any type of custom- 
built cut tooth gears. . 


. racks... 


all types of sprockets. St. Paul: 
E 
SERVICE OFFICES IN ST. PAUL AND CHICAGO pe 





£. B. SEWALL MANUFACTURING CO. 
696 Glendale St. + St. Paul 4, Minnesota 











steel. Sizes, 2” to 14” diam., press. to 
4800 Ibs.; standard or special connec- 
tions. Quick delivery on many sizes and 
shapes. Nicholson floats are standard 
with hundreds of manufacturers. 





206 OREGON ST. WILKES-BARRE, Pa. 


| the newer types of radar search equip 
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New Parts and Materials 


and has no delicate parts to get or 
adjustment. Power consumption 
watts per phase. 

The relay will operate on either 
3 phase a-c, and is made for all 
ages and frequencies ordinarily 
countered. 







Shepard Elevator Co., 5000 Brotherton 


Cincinnati 9, ¢ 








Low-Loss Delay Lines 


New electrical delay lines for us 
computors, radar, television, and ot 
electronic applications where delays 
are required ranging up to 100 m: 
seconds, feature low-loss, good t 
perature stability through the use 
specially engineered temperature co 
pensating capacitors, and sr 
physical size. 

The delay line shown in the illust 









tion has the following characteristics: 
delay time, 1.1 microsec; rise time 
(from 10 to 90 percent of step func- 
tion) 0.1 microsec; bandwith, 2.0 mc; 
attenuation, less than 1 db; character 
istic impedance, 460 ohms; number of 
sections, 15; dimensions # x % x 8} 
in.; weight, 5 ounces. 

212 Durham Ave 

Metuchen, N. ] 


Gulton Mfg. Corp., 






Two Gun Tube 
For Higher 
Accelerating Voltages 






A two-gun multi-post accelerator 
band cathode ray tube originally de 
signed for oscilloscopes requiring th 
high accelerating potential necessar 
for recording high-speed transient 
phenomena, now has application 






ment. 

Designated as type 52HAP7, th 
new ETC tube is similar to RTMA 
Type 5SP7 except for being designed 
for operation at higher acceleratin; 
voltages. A maximum of 25,000 volt 
d-c can be applied to the final post ac 
celerator anode. In addition, a nev 
type aluminized screen is said to perm: 
greater luminous efficiency in tube 
















































lde d 


assembly to simplify manufacture. 


¢ 


THE WORLD'S LARGEST MANUFACTURER OF ARC WELDING EQUIPME 


u“ 


te than the 


0 mpo nents 


nm. ¢ 


{ prior lo 





; 
-macPined 





constructto 
’ 


WELDED DESIGN 
ALWAYS SAVES STEEL 


Oe Co. 1952 
Zions to finish the Jront face and the 


mounting arms. 


support for grinder was originally a 
casting. Required machining opera- 
Fig. 2— Present Design in Welded 
Steel — Is simpler to fabrica 


AND LOWERS COST 


original 
are pre 





Fig. 1— Former Design — Be/t platen 
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THE LINCOLN ELECTRIC COMPANY 


Machine Design Sheets free on request. Designers and Engineers write on your letterhead to Dept. 38 


CREATED 


PLANT 








LINCOLN 
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the A-B-C 


Electric Resistance 


WELDED 


STEEL 
TUBING 


¥%" to 4" O.D. 9 to 22 gauge 


SQUARE-RECTANGULAR 


V/" to 2” 20 gauge, 1" to 2%", 
14, 16, 18 gauge 


Carton 1010 to 1025 


has uniform strength, weight, duc- 
tility, |. D. and O. D., wall thick- 
ness, machinability, and weld- 
ability. It can be flanged, expanded, 
tapered, swaged, beaded, upset, 
flattened, forged, spun closed, 
fluted, and rolled. Available in a 














wide range of sizes, shapes and 
wall thicknesses, prefabricated by 
Michigan or formed and machined 
in your own plant. 

























of M-S-T me ieeys 
MAKES 
POSSIBLE 


| ETTER 
& { B PRODUCTS 


AT LOWER 
~ i/ 
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Quality 
Product 


Ready for the automobile as- 
sembly line is this vital volume 
produced tubular part of a 
major control unit. 


Lower tube end is reduced to 
2.260" O. D. x 10.525” long, 
held to close tolerance for as- 
sembly in line with body of 
base tube without machining. 
Upper end is reduced to 2.125” 
O. D. x 2.562” long, held on 
center line to extremely close 
decimal dimensions, with two 
perforations at tapered section. 
Michigan workmanship can 
always be depended upon to 
assure the exacting tolerances 
and part uniformity to keep 
customer assembly operations 
moving smoothly. 


Michigan engineers will be 
pleased to work with you on 
an adaptation of welded steel 
tubing to help you make your 
product better at lower cost. 


Consult us for engineering and 
technical help in the selection of 
tubing best suited to your needs. 


Plus Fabricating of our own tubing Michigan is interested ONLY IN THE 
FABRICATION OF Stainless steel, copper, brass and aluminum tubing. 





STEEL vil Th 7 ok 


By 133! TU BE PRODUCTS CO 





More than 35 Years in the Business 
9450 BUFFALO STREET « DETROIT 12, MICHIGAN 


FACTORIES: DETROIT, MICHIGAN —SHELBY, OHIO 


DISTRIBUTORS: Stee! Sales Corp.. Detroit, Chicago 


Se. eau. ot. _ 43. 
D Lowis, 





ond Minneapolis 
—Miller Stee! Co., inc., Hillside, N. J. —C. L. Hyland Co., Dayton, Ohie—Dirks & Company, Portland, Oregon 


—Jomes J. Shannon, Milton, Mass. —Service Steel Co., Los Angeles, Calif. —Hugh Devis, 
Strong, Carlisie & Hammond Co., Cleveland, Ohio —Globe Supply Ce. 


oe ee 
A. McMichoels 


Co., Upper Derby, Po. —A. J 5 aetene Co., Buffalo, N. ¥.—Herry E. pa Ee nag —redagg? anemenar 5. 


Beaird Co., inc., Shreveport, le 













| Transformer 






New Parts and Materials 


designed to operat at 
voltages above 5.000 volts 
Under typical conditions 
final anode operating at 10,0 
the second anode potential ma 
at 2.000 volts (with the int 
accelerator anodes being fed 
series of 25 megohm bleed f 


the focusing anode potential 


between 362 and 695 volts w 
trol grid cutoff between 
90 volts The deflectior 


D,D. are 102 to 154 volts 
D dD, are 84 to 126 volts d 


Push Button Flush Latch 


Designated as H-4100, th 
latch is specially designed fo 
riety of commercial, 
craft, marine, 
plications. 
the recessed completely flush, 
trigger button and close button 

Finger tip pressure opens th 
As the famed button is dey 


industt 
and transportat 
Its only exposed p 





i 


the rear button raises, making a st 
grip for opening the door. 

The latch is available in st 
steel, cadmium plated cold 
steel, or aluminum alloy, and weig 
0.7 to 2 ounces, according to th 
terial 


Hartwell « 9035 Venice 
L Angel 5+ 





Microsecond Pulse 


The new type PT-1 pulse transtf: 
is a versatile unit for use in the 1 


second and fractional micros 


ranges. Compactly built in an 


} 


tube base, it has stx sections of \ 
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continued 





ings, of which two pairs are connected 
n series and the other two sections in- 
dividually connected to base pins. It is 
useful in blocking oscillators and other 
pulse circuits 

Specifications: windings, No. 36 
wire, 50 turns each section; con- 
nections, 1 and 8, 2 and 7, two sec- 
tions in series, 3 and 4, 5 and 6, single 
section; dia. 1.372 in. max; height, 
1.107 in. max; overall height, 1.657 
in. maximum 





Lal 





310 Beaver Pond Rd., 
Lincoln, Mass 


> , 
Berkshire 





A BLEND OF SPECIAL SOL!i) WAXES put 
up in stick form for use in certain 
types of metal-working operations is 
said to provide a durable, clean 
lubrication for metal sanding, metal 
sawing, pipe cutting and threading 
drilling, tapping, grinding and flush 
riveting. Lubrication with Stik-Wax, 
is said to extend the life of saws, drills 
ind cutting tools as well as sanding 
ind grinding surfaces. Wax lubrica- 
tion also results in a better finish on 
the worked pieces. Burrs are eliminated 
and a smoother finish is possible when 
grinding or sanding metal surfaces. 
S. C. Johnson & Co., Inc., Industrial 
Products Dept., Racine, Wis. 


WEDGELOCK SUPPORTS, a new type of 
able support and conduit seals, arc 
eing used for supports that allow for 
xtensions, and for horizontal installa- 
ons. The device not only supports the 
ble, but is compound-filled to pre- 
nt water flowing down the cables 
to the conduit. For outdoor use the 
tting has an aluminum alloy body 
hich for single-phase circuits is non- 
agnetic. The fitting has a wedge in- 
rt of a laminated phenolic material, 
f high tensile and dielectric strengths. 
The Adalet Mfg. Co., 14300 Lorain 
Ave., Cleveland 11, Ohio 
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National 


selected for Quality 


and Dependability 


Products bearing these familiar 


trademarks have all establishcd 


enviable reputations for quality and 


dependability. And to guard product 


reputations, these manufacturers 


continue to specify castings by National 


—one of the Nation's largest founders, 































>= GEMMER dah nab) val tiniyie co. je z 


National's unparalleled experience in producing 


is at your disposal. 


malleable, heat-treated malleable, 


Sales offices and engineering facilities 


PLANTS LOCATED IN Sharon, Pa., Cleveland 6, Ohio 


Indianapolis 6 


SEE 







Ind., Melrose Park, tll, and Chicago 50, Ill 


A 16mm technicolor film. Narrated by 
Edwin C. Hill, this 27-minute film tell 
malleable iron is made . . . tested 

used . . . how its production economy 
ductility, machinability, toughness 

will give you a better finished 
product. Available 

for group showings. li 


ATIONAL MALLEABLE and STEEL CASTINGS COMPANY 


CLEVELAND 6, OHiO 















and steel castings 


are located at all five strategically located plants. 
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WELDED 
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TUBING 







¥_" to 4" O.D. 9 to 22 gauge 


SQUARE-RECTANGULAR 


V2" to 2” 20 gauge, 1" to 2%", 


14, 16, 18 gauge 
Carbom 1010 to 1025 
has uniform strength, weight, duc- 
tility, |. D. and O. D., wall thick- 
ness, machinability, and weld- 


ability. It can be flanged, expanded, 
tapered, swaged, beaded, upset, 
flattened, forged, spun closed, 
fluted, and rolled. Available in a 
wide range of sizes, shapes and 
wall thicknesses, prefabricated by 
Michigan or formed and machined 
in your own plant. 





Plus Fabricating of our own tubin: 
FABRICATION OF Stainless steel, 





9450 BUFFAL : tube » ase, it has stx sections of v nd- 





DISTRIBUTORS: Steet Sales Corp., Detroit, Chicago, St. Lowis, Milwevkee, indianapolis and Minneapolis 
—Miller Stee! Co., inc., Hillside, N. J. —C. L. Hyland Co te Oe Ee ae 
—James J. Shannon, Milton, Moss. —Service Steel Co., aos Soe, bay nny Fae Soa Pa.— 
Strong, Carlisle & Hommond Co., Cleveland, Ohis—Globe Supply Denver, Colorade—W. A _ McMichoeis 
Co., Upper Darby, Po.—A. J. Fitzgibbons Co., Buffalo, N. ya bono Clark & Co., Houston, Texes—J. 8. 
Beaird Co., Inc., Shreveport, to 
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New Parts and Materials 
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of high tensile and dielectric strengths. 
The Adalet Mfg. Co., 14300 Lorain 
Ave., Cleveland 11, Ohio 
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This Customer 
gave us a 


TOUGH 


; 1 
mostgngens* 





Beardsley & Piper 
Division of 
Pettibone-Mulliken 
Corporation 


Beardsley & Piper's SPEEDMULLER 
prepares the sand mixtures used in 
foundries for molds and cores. 
The SPEEDMULLOR does the job so 


Roth Research well that it has revolutionized 
Brings Results 


With Rubber 


the mulling of foundry sands. 


Roth Rubber worked with Beardsley & 
Piper engineers to develop a rubber 
liner for the SPEEDMULLOR that 
provides the most effective mulling 
action and outwears the best 


metal liners, 
What’s your rubber problem? 
Roth can help you, too. 


” Custom Manufacturers of Indu strial Rubber 
Products since 1923 





ROTH HUBBER comPaANY ) 





1856 S. 54th Avenue, Chicago 50 


Name 





Position 





Company 
Address 
i 
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MEETINGS} 


September 8-10 


NATIONAL STANDARDIZATION CN 
FERENCE, Sponsored by Ame: 
Standards Association—Museum 
Sciences and Industry, Chicago 


Sept 8-11 e 
AMERICAN SOCIETY OF MECH 

CAL ENGINEERS—Fall Mecting, Sh 

ton Hotel, Chicago, Ill 7 

September 8-12 


INSTRUMENT SOCIETY OF AME! 

Seventh National Instrument ( 
ference and Exhibit, Cleveland A 
torium, Cleveland, Ohio 


September 9-11 


SOCIETY OF AUTOMOTIVI 
NEERS — Tractor Meeting. 
Schroeder, Milwaukee, Wis. 


EN 
H 


September 11-14 


PACKAGING MACHINERY MANUFA\ 
TURERS INSTITUTE—Annual Meet 
The Homestead, Hot Springs, Va 





September 24-26 

AMERICAN Hort Dip GALVANIZ! 
ASSOCIATION—Semi-Annual Meeti 
Greenbrier Hotel, White Sulphur 
Springs, West Virginia. 


September 29-October 1 


NATIONAL ELECTRONICS CONF! 
ENCE—Eighth Annual Conferen 
Sherman Hotel, Chicago, III 


Septe mber 30-October 3 


ASSOCIATION OF IRON AND STEE! 
ENGINEERS—Annual Convention : 
Iron and Steel Exposition, Cleveland 
Public Auditorium, Cleveland, Ohio 


October 1-3 


NATIONAL ASSOCIATION OF Cor 
ROSION ENGINEERS—South Cent: 
Region Conference, Jung Hotel, Nev 
Orleans, La. 





October 10 


NATIONAL  NOIsI ABATEMEN 
SyMPOsiUM—Armour Research Fou: 
dation of Illinois Institute of Tec! 
nology, Chicago, III. 


October 20-24 


NATIONAL METAL EXPOSITION AN 
CONGRESS—Sponsored by the Amer 
can Society for Metals, Conventic 
Hall, Philadelphia, Pa. 


October 21-29 


ROYAL NETHERLANDS INDUSTRI! 
FarR—Chemical and Food Processin 
Machinery, Rotterdam, Holland. 
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Now...an extremely {lexible high-temperature tubing... 


IRVINGTON Silicone ubber-Coated Fiberglas* 


If you need a flexible insulating tubing that meets Class “H” specifi- 
cations—and particularly if you need it now—look into this new 
Irvington product! 


With the introduction of Silicone Rubber-Coated Fiberglas Tubing, 
Irvington offers to the electrical industry a product that, like the resin- 
coated type, meets all NEMA Class “H” requirements. In addition, 
this new tubing has the advantage of extreme flexibility. Its white 
color is a plus wherever appearance is a factor. 








AND .. . Irvington Silicone Rubber-Coated Fiberglas Tubing is avail- 
able for immediate delivery! 


Get the full story—just mail the coupon for technical data sheet. 


®T.M. Reg. U. S. Pot. Off. by Owens-Corning Fiberglas Corp. 


SSCS SSOSSSSSOSSSSSOSSSOSSCSCOCSCSCSSCCSCTeRe 


onv | Irvington Varnish & Insulator Co. 
ry Send this ¢ enient Cows cow 10 Argyle Terrace, Irvington 11, N. J. 
Gemlemen: 
Please send me technical data sheet on Irvington 
Silicone Rubber-Coated Fiberglas Insulating Tubing. 
j Namoe.................... ; Title 
VARNISH & INSULATOR COMPANY 1 Company......... 
Irvington 11, New Jersey : Street............... oe nee er ee 
Plants: Irvington, N. J.; El Monte, Calif.; Hamilton, Ontario, Camada fo City ceeeceeeenneenmenneenee Zone State 
! 


For Further Information, Consult pages 92-93 in the 1951-1952 Electronics Buyers’ Guide 
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Ad Libbing by the Editor 


Now that the two great polit 
conventions are over, we can go back 
to swimpaing, golf, sweating and swat. 
ting mosquitos. And of course we h lu 
time for reminiscing about the great vi 
est quadrennial shows on earth, ¢ 
two great political conventions 
the nomination of candidates for th mo 
presidential election. sea 
For many years I have been grip 
and crabbing because scientists and 


tm 





“= 
Product of: ~~ 
Taylor instrument Companies 
Rochester, New York 


This handsome three-in-one Taylor Remo-Set thermometer 
makes you the weather expert in your neighborhood. The window 
dial indicates the present temperature as well as the highest and 
lowest temperature since last resetting. It is easy to read, highly 
accurcte and attractively styled in weatherproof beige plastic case, 
with large ivory numerals and graduations on green dial. The 
reliability of this Taylor instrument is largely dependent upon the 
actuating element of Chace Thermostatic Bimetal. 


A precision wound coil is anchored to a center stud, the present 
temperature pointer being attached to the outer end. Rising and 
falling temperatures cause the pointer to move the high and low 
indicators to the temperature extremes where they are locked in 
position, under hair-spring tension, by a ratchet mechanism. The 
maximum temperature indicators are pneumatically reset to the 
present temperature by a yoke, operated by a rubber diaphragm, 
and connected by a vinylite plastic tubing to a push button indoors. 


Chace Thermostatic Bimetal is manufactured in 29 types, in 
strips, coils, random long lengths and welded or brazed sub- 
assemblies. We also provide specialized tooling necessary to fabri- 
cate bimetal elements to customer designs. Before proceeding with 
your next design, we invite you to consult our Application Engineers, 
recognized authorities on temperature responsive devices—or write 
today for a copy of our new 32-page booklet, “Successful Appli- 
cations of Chace Thermostatic Bimetal,” containing engineering data, 


W. M. CHACE CO. 


Thermostalic Bimetal 


1607 BEARD AVE., DETROIT 9, MICH. 








engineers have never produced an fo! 
vention that contributes to putting t 1,’ 
politician on the spot where he | go 
longs. It is not that I hate politicia le; 


But those boys have been “gettin; 
away with murder.” 

Speeches painstakingly written 
ghosts, edited by stooges and sign 
by the candidate have made candidates 
for office seem like something that 
what ain't. The public with nothin 
else to go on, must accept or reject th 
written word as it reads and sounds 
But now it is all different. Televisio: 
even with all the faking that accon 
panies it, shows the man as he 
Since the two circuses in Chicago many 
a hitherto party big-wig has falle: 
mightily in public esteem. 

Public opinion created by speec! 
and action heard and seen on televi 
sion will force many changes in th 
presidential convention procedures and 
the behavior of candidates. Hired pro 
fessional talent, like the paid mour: 
ers at a heathen funeral, will be out 
The circus performance wherein both 
amateur and professional talent goes 
off on a binge of supposedly soul stir 
ring histrionics and cheese cake is not 
compatible with the purposes of a cor 
vention to nominate a president of th 
U. S. A. Ill mannered behavior 
and arrogance on the part of individ 
uals who consider themselves great p 
litical leaders topples them off their 
throne when the all-revealing televi 
sion camera exposes them to publi 
view. Television is science’s greatest 
contribution to better government be 
cause it presents candidates and offic 
holders more revealingly. 


Research for Rescue or Ruin 


In a recent speech Mr. Herbert 
Hoover, whom I greatly admire, saic 
in effect that the only hope of gettin; 
out of the present economic predica 
ment was technological advancement 
If science and engineering could 
quickly produce many new amazin 
machines and processes that would 
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continued 


increase productivity it might 
ssible for the U. S. to produce 
nough to satisfy the insatiable 
te of the world for food and 
ifactured goods. 
the basis of Mr. Hoover's state- 
many more politicians might get 
lea that the federal government 
go even more all out for in- 
al research and thereby save the 
|. The fact is that the U. S. Fed 
Government is already spending 
than half the total amount of 
spent in the U. S. A. for re- 
h. And thereby hangs a tale 
With 22 separate government agen 
; spending 1.6 billion dollars a year 
for research work that is spread am 
0 industrial organizations, many 
sovernment iaboratories and 500 col- 
leges, it is a safe bet that a goodly por- 
tion of the money spent is wasted. 


The Unpayable Payoff 


he greatest national loss created by 
the mad scramble of our politicians to 
get control of scientific research is its 
(fect upon our universities. The basic 
reason for the existence of a university 
is to serve as an institution for learn- 


ng. Over the past decades colleges | 
and universities have been getting fur- | 


ther and further away from this con- 
cept. Forced by increased operating 
costs, lower income from endowments 
and war-time demands, colleges and 
universities have been looking more 
and more to government vee Bw in 
various forms in order to be able to 
balance theis budgets. 

Today the very atmosphere on many 
a college campus has changed from the 
iir of an institution of learning to th 
buzzing of a research factory. What 
was once in the forefront of engineer 
ng schools is now the greatest re- 
search mill in the world with more 
than $10,000,000 in government re- 
search contracts. Where once th 
product was engineers today it is r 
search reports and commercial achieve 
ments. Relatively fewer professors are 
teaching, many more of the institute's 
employees gre technicians and m« 
chanics and the headlines of the annual 
report relate more to turnover of re- 
search dollars. Teaching has become 


n less than a by-product. Even | 
sic research to increase the fund | 


knowledge is side tracked in favor of 
the glamour and profit of applied r 
irch. 
It will be many decades before this 
rversion of our institutions of higher 


learning reveals its effects but then it 
ll be too late to rectify the error. 
will then be just another setting of 

sun of Tyre. Acre and Sidon. 
G.F.N 


THAT NEVER VARIES 






NO VARIABLES ALLOWED in finishing aircraft 
for the Navy! That’s why Douglas Aircraft employs 

the Arco Hot Spray System, which gives constant 
viscosity regardless of hour-to-hour fluctuations in 
humidity and room temperatures. The Arco Control-Temp* 
unit gives maximum flow-out at all times...minimizes 
such causes for rejects as orange peel and excess 
blushing. And Douglas reaps an extra 

dividend in savings up to 50% in finishing time. 


*Patent applied for , 


t ARCO ; Varnishes, Enamels 
ANTS | irae 
7, fh. L LS ue lily SINCE —- 


ares FIRST TO 2 A oy ae 









Paints, Lacquers 





THE ARCO COMPANY, CLEVELAND 27, OHIO 
ARCO COMPANY QF CALIF. LTD.. LOS ANGELES I, CALIF 


A subsidiary of American-Marietta Company 
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LIGHTWEIGHT 
CHAMPIONS” 


FULL POWER IN HALF THE WEIGHT 


ELECTRA, a newcomer only 5 years ago, 
has successfully defended its title against 
tough competition. Its steady growth—a mat- 
ter of record -- is proof that ELECTRA wins 
the buyer’s decision wherever genuine qual- 
ity, dependable performance and long life 
combined with light weight are required. 
That's why ELECTRA-MOTORS and ELECTRA- 
GEARMOTORS have frames of heat-treated 
alloy aluminum—stronger and better than 
ordinary castings—lighter than iron and steel. 


DESIGN — The men who build ELECTRA- 
MOTORS have had years of experience in 
motor production plus a demonstrated abil- 
ity to design units to meet special require- 
ments and unusual applications. As a result, 
ELECTRA offers many exclusive advantages 
in 7 basic types of motors and gearmotors, 
from V4 HP through 5 HP, speeds from 1 
rpm up. Special problems get special atten- 
tion...promptly. 


Eucbe ELECTRA MOTORS, INC. 


3 ANAHEIM, eacieedura 


DISTINCTIVE 

in appearance, 
ELECTRA-MOTORS 
streamlined design is 
abreast of modern 
trends. Their 
heat-treated alloy 
aluminum frames 

can be polished, 

if desired. 


WRITE FOR ENGINEERING 
DATA on ELECTRA-MOTORS 


and ELECTRA-GEARMOTORS, 


or tell us your requirements 
and we'll submit our 
recommendations. 
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ENGINEERING 


ABSTRACTS 





Induction Brazing 
and Soldering 


Abstracted from “Production Brazing ; 
Soldering by High Frequency Meth 
Mechanical World, July 1952, London, 
Englaad, by Frank Spicer, Metal Finishing 
Consultant. 

WHEN A MATERIAL capable of « 
ducting an electric current is pla 
within an alternating magnetic fi 
eddy currents are induced in it, the d 
sipation of which in the conducting 
material produces heat which raises t 
temperature of the material. Curre: 
may be induced by available equi 
ment at frequencies varying from 2( 
to several million cycles per second 

The effectiveness of the transforn 
tion depends upon the space betwe 
the coil used to produce the magnet 
field, and the workpiece, and the ek 
trical resistance of the work bkeing 
heated. 

Alternating currents tend to flow 
along the surface of a conductor, and 
the higher the frequency the more con 
centrated they are at the surface. Thus 
the resistance of the load becomes 
greater as the freqency is increased. 

High frequency heating can be d 
rived from the following sources: 

(a) Motor generator sets operating 
at a single frequency chosen from th 
range 200 to 15,000 cycles per second 

(b) Spark gap oscillators operating 
in the region of 300,000 cycles per 
second. 

(c) Valve generators which can 0” 
erate up to 10,000,000 cycles per s 
and in some instances even higher. 

The induction heat is focused upon 
the joint to be brazed or soldered by a 
work coil of tubular copper which is 
water coaled (it is known as the in 
ductor). It heats the thin zone of 
metal so quickly that a braging alloy 
flows smoothly into the joints befor: 
the remainder of the part can becom 


overheated. This results in a good 
joint, few rejects, and a low heating 
cost. 


The copper coil or inductor is con 
nected to the output side of the gen 
erator, and the componcnt to be heated 
is placed within the coil, but not ir 
contact with it, so that heating occur 
only in the area immediately adiacent 
to the coil. Therefore it is possible to 
obtain local heating by the choice of 
suitable coil 

Correct design of the inductor coil 
195. 
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MUELLER BRASS CO. 
ALUMINUM FORGINGS 
| Plenty of Strength, 





\\ 3 what a Saving in Weight! 


Where weight is a factor 





Fasy to Finish and / 


Typical forged aluminum parts produced by Mueller Bross 


for 


O-7 yO 






particularly in moving assemblies, Mueller Brass C 
forged aluminum parts often can improve the performance of your products, because 
they possess approximately the same strength as steel but are only ‘4 the weight 
Mueller Brass Co. aluminum forgings are ideal for high speed rotating or oscillating 
machines because they reduce vibration and bearing loads and thus cause less 
wear on other parts. They are strongest at the points of greatest stress because their 
grain structure, during the forging operation, can be controlled. These forgings 
can be produced in relatively complicated shapes to tolerances closer than sand 
castings. The smooth, bright surfaces eliminate costly finishing and save machining 
time. The Mueller Brass Co. can supply aluminum forgings to your specifications in 

any of the standard or special alloys 


Write us today for complete information 





Co 


some of the nation’s leading aircraft manufacturers 


MUELLER BRASS CO. 


PORT HURON 16, MICHIGAN 
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Engineering Abstracts continued 


is important and due to the va 
shapes that have to be brazec o; 
soldered no set rule can be laid d 

The true guide is experience. 

It is not always easy to design oils 
to follow the exact contours of the job 
being heated, but alteration of he 
frequency will often produce the <uit 
able results desired. 

The coil shapes that can be use: 
infinite and some ingenious dé 
have been produced. 

in making the coil the aim is to 
tain as many turns as possible w 
a given area of work. The coil ma 
flattened or of round or square sect 
and after forming there must be 
contact between the layers of the « 

In small coils the stiffness of the t 
will be enough to maintain an ad 
quate air gap between turns; if 
insulators of Paxolin, mica or sim 
substances may be used. Before sh 
ing, the tubing should be annealed te 
soften it, then roughly formed, 
nealed again, and then finished upo: 
former. It is also advisable to mak 
the connecting leads as short as po 
sible. 

Fixtures tor holding parts and 
ductors are specially designed to 
wide varicty of work 

Care should be taken in designir 
a joint to be silver soldered or brazed 
The strength of the joint depend 
upon the area of the film of brazing 
materia! in sound contact with th 
ioined parts. After soldering, thes: 
joints can be used at temperatures uj 
to 400 C before any weakening o! 
bond strength takes place. Some typ 
cal joints are shown in Fig. 1. 

Alloys containing silver used for 
brazing possess several outstandin 
features. Some of these are: 

1. Low melting po’ , which offers 
quicker joining without overheating 
2. High strength and ductility. 

3. Rapid penetration of closely 
fitted joints. 
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FIG. 1—Good joints, require care in their 
design. The methods depicted here have 
all been used successfully. 
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G ITV'S Bros. covers the entire range of lubricat- 
ing devices: Oil Hole Covers, Oil Cups, Grease Cups, 
Bottle Oilers, Gauges. Gravity-Feed, Wick-Feed, 
Constant Level, Vibrating Rod styles. Threaded or 
Drive-type. Elbow or Straight. 


ITV'S Bros. offers the most complete selection 
of standard styles. 


GITs consistent quality in design, materials 


and machining has made Gits Lubricating Devices the 
standard for industry for more than 40 years. 


GITs Lubricating Devices are far-famed for 


solving tough oiling problems at low cost. 


G IT’S Bros. Engineering Staff—true specialists 


in lubrication engineering — is at your disposal. 


Write today for free illustrated Price Guide Catalog. Use it 
as your handy reference for lubricating devices. 


GITS BROS.MFG. Co. 
1838 Ss. KILBOURN AVE. + CHICAGO 23, ILL. 
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WHEN YOU WEED... 


A delicate “brain” 
in the nose of a 
guided missile . . . 





A sturdy 
protective casting 
for a radar 
screen box... 


— _- 





A % ton 
pump housing... 





Or any really 


tough one... 
(convert to aluminum 
or magnesium) 


Now’s the time! 
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FIG. 2—Brazing metal in the form of 
wire, sheet, etc., is readily formed or 
into shapes which fit readily into the 
sembly of parts to be joined. 


4. Ease in making strong joints 
tween dissimilar metals. 

The content of the silver may \ 
from 5 to 80 percent and choice 
pends upon the job to be done. 
following factors must be taken 
consideration: 

(a) Flow temperature 

(b) Properties of metals to 
joined. 

(c) Color match 

(d) Corrosion resistance 

(e) Ductility required, etc. 

Silver alloys are used to braze sta 
less steels, copper alloys and such d 
similar metals as_nickel-silver, 
stainless steel. 

The satisfactory use of the all 
depends on how they wet the surf: 
of the joint and form a bond of sat 
factory strength, and yet be of m 
mum thickness and devoid of gas holes 
and flux inclusions. It is interesting t 
nete that a thickness of 0.002 
possesses a tensile strength in the r 
gion of 140,000 psi while one ot 
0.020 in. possesses only 60,000 p 
therefore it is advisable to keep t 
fit of components to be joined as clos 


as possible. 


} 


The alloys are made in various 
forms such as wire, shapes, rod 
sheets, powder, strip, etc. The usual 


method is to purchase the required 
gage of metal, Fig. 2, and form it to 
the desired shape for the job. This 
easily accomplished 

The requisites to a good soldered 
joint, other conditions such as corr 
material temperature, joint design, ct 
being to standard, is a good flux 
flux possessing the following should 
be avoided: 

(a) High surface tension which r 
sists flow over surface. 

(b) Poor penetration of joints 

(c) Non-cleaning properties 

A flux should be capable of wetting 
the surface to be brazed and should | 
chemically inert to the mating meta! 
to prevent oxidation of the joint ar 
to render fusible the oxides of higher 
melting point than the metals the: 
selves. 

Cleanliness is the watchword in a 
metal joining operations and pre-clea: 
ing treatment must be carefully chos 


b> 


- SEPTEMBER, 195 








1OS 















































Consolidated Engineering 


CORPORATION 
300 North Sierra Madre Villa, Pasadena 15, California 


Sales and Service through €E8€ INSTRUMENTS, INC. 
subsidiary with offices in: Pasadena, New York, Chicago, 
Washington, D. C., Philadelphia, Dayton. 
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Recording 41 measurements 


simultaneously 





analytical 
instruments 


for science 
and industry 





DouGLas, Long Beach Division, engineers 
used CEC Dynamic Recording Equipment 
to test the new “Single-Point Fueling 
system for the C-124 Globemaster. The 
12 fuel tanks, 6 in each wing, hold ap 
proximately 11,000 gallons—equal to a 
full tank car. Fueling normally requires 4 
to 5 hours. The new system cuts this time 
to 18 minutes by pumping through a single 
entry at 600 gpm, filling all 12 tanks at 
onee. 

By using three CEC 5-114 Recording 
Oscillographs and five sets of System “D” 
amplification (shown at left), Douglas was 
able to simultaneously record all tank in- 
let pressures, tank internal pressures, 
manifold pressures, tank shut-off time, 
pressure drop through the main inlet noz- 
zle, and the fuel level in each tank. In all, 
the findings of 29 pressure pickups and | 2 
capacitance fuel gages were recorded 


Dynamic Recording $ ystems 


such as the one shown here are designed inufactured 
by Consolidated. Variations in the arrangement of the 
equipment are infinite. Applicaty are widely varied 
throughout industry and the sciences a. typical recording 


system includes pickups, amplihers or bridge balances, and 
a recording oscillograph. Write for Bulletin CEC 1500B 
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30 DAY DELIVERY 


0-M CYLINDERS 


AIR HYDRAULIC WATER 
MORE POWER in less space 


a LESS COST 


O-M is All Cylinder—pack- 
ing more power per square 
inch than any other type! 
No tie rods or bulky end 
caps, saves 4 in installa- 
tion space. In full range of 
sizes from 114” to 8” bores. 
All machined steel with 
bearing bronze. Parts and 
mounting brackets fully in- 
terchangeable. Special de- 
sign standard parts appli- 
cable to almost all “custom” 
installations. 









TEMPLATES 
Complete set 
shows all cylin 
ders and mount 


FREE 
NEW CATALOG 
28, diagram- 
pocked poges of 
specifications, 
ports listing and 
other information. 


roeoccroer-n-o- ——_— 
| | 
\ORTMAN-MILLER MACHINE CO. | 
| 1218 150th St., Hammond, Indiana 
At no cost or obligation 

]) Send me your new, compiete catalog 


(} Send me a complete set of ‘2 scale templates 
[) Serd me a complete set of ', scale templates 


ing brackets 
or ‘4 scale 


Nome__ 
Firm 
Address 
City 





Stote 





MAIL COUPON TODAY! 
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Engineering Abstracts continued 
and controlled. Where only a light 
film of oil exists, degreasing in hy- 
drocarbon solvents usually suffices, but 
where scale or oxide exists, mechanical 
cleaning by abrasives or shot-blasting 


or by pickling in acid, must be carried | 
} out. 


Silver brazing or soldering must 
therefore follow these requisites: 


1. Correct design of joints | 


ana 


| cleanliness. 


| mined. 


2. Clean surface. 

3. Suitable filling or brazing alloy. 

4. Correct fixtures for assembly 

5. Correct fluxing. 

6. Correct heating and flowing of 
the filling alloy. 

7. Cleaning after joining 


Conclusion 


The main savings of induction heat- 
ing are apparent. We have a good 
product in a short time and with un- 
skilled labor, therefore efficiency is 
high and loss of heat is only due to 
radiation from the components and 
then only for a short time. Power is 


only used when and where it is neces- 


sary once the generator is in operation | 


or the valves warm. 


Unskilled labor can be used once the | 


method of soldering has been deter- 
This is brought about by the 
use of special timing devices and au- 


| tomatic feeds. The absence of dirt and 


the elimination of fire hazard improves 
working conditions. The apparatus 
can be introduced into any part of a 
production line, thus enabling parts 
to be heated ‘‘on the spot.” 

Uniformity of the product is assured 
once conditions have been ascertained 
and the speed of heating is particularly 
helpful where large-scale production 
is desired 


Electro-Machining Method 


Abstracted from “Another Electro-Machin- 


ing Method Shows Promise,” The Iron | 


Age, May 29, 1952, Chilton Publishing 


Co., 10 E. & 42nd St., N. Y. 17, N. Y., | 
Pitman-Dunn | 


by I. Weber, Chemist, 
Laboratories Dept. Frankford, Arsenal. 
ELECTRO-EROSIVE METHODS for 
chining carbides and hard metals can 
be used for cutting, grinding, boring, 
shaping, and tapping. Research on 
elector-crosive cutting and grinding is 
being done at Army Ordnance’s Frank- 
ford Arsenal. Primary importance of 
the method is the fact that unlike me- 
chanical processes, cutting and grind- 


ing rates are not affected by the hard- | 


ness of the material being machined. 
So industrial diamonds are not needed. 

Unlike electro-mechanical machin- 
ing methods, the electrolytic and elec- 


ma- | 






20,000 Experts 
Admire the Finish 
AND the Tanks! 





Educational Exhibit shows advantages of 


LUSTER-ON 


PLA-TANK 


All over the Industrial Finishing 
Exposition at Chicago, the two big 
words were LUSTER-ON and PLA- 
TANK. In the Electroplaters’ In 
stitute demonstration shown above 
a complete zinc barrel-plating line 
turned out these license plate nuts 
and bolts by the thousand — al! 
brilliantly finished with long-lasting 
corrosion-resisting LUSTER-ON dip 

LUSTER-ON is the original passi- 
vating bright dip introduced in 1944 
by The Chemical Corporation. Since 
then it has been adopted by many of 
the leading industries of the country 
on such items as auto parts, aircraft 
parts, hardware items, wire goods 
television components, electrical parts, 
tools, etc. Every day former users of 
nickel and cadmium are converting 
to this passivating bright dip. 

Naturally the tanks, hoods and 
duct work were all PLA-TANK 
Resin-Bonded Fiberglas®, the amazing 
new reinforced plastic material which 
resists most plating solutions, acids, 
dips and rinses. PLA-TANK is the 
pioneer in this field, designed and 
built by metal finishing men for meta! 
finishing use. 


Send for free data sheets on 
Luster-On and Pla-Tank and 
set of license plate bolts shown. 
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Tested by 
Underwriters 
Laboratories, 

ne. 


EARTH, WATER 


OR FIERY-FURNACE... 


Rockwood Ball Valves 
outperform around all three! 


Sure they’re tough! Rockwood Ball Valves are made that way. In 
industry after industry under the most gruelling of conditions they do 
what they’re supposed to do: 


(1) Give leak-proof service . . . (2) maintain a full round flow . . . (3) open and 
close quick and sure. They are so engineered that they stand up to the job 
without maintenance and for long life. They push up profits because they 
cut costs. 


The industries which beneiit by their superior performance include 
chemical, food, paper, textile, petroleum and others. Come in all pipe sizes 
from 14” to 4” for 300 p.s.i. working pressure. Send coupon 


ROCKWOOD FULL-FLOW BALL VALVES 





THE FLOW 1S AS ROUND AS THE PIPE ITSELF 


3 





) . 
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ind, tests 4” cast iron water pipe. Operates 
600 times a day. Says Warren Pipe Company's 
plant engineer . “Rockwood Cast Steel Valve 
is definitely saperior to any other 


On High Seas, in discharge manifolds, Rockwood 
Ball Valves perform perfectly under hazards of 
salt water, fish scales, wood splinters and dirt. 
“Outwear and outperform all valves previously 
used,” says Hub Machine Company. 


At Annealing Furnace of Revere Copper and Brass, 
Inc., Rockwood Ball Valves are used for quenching 
60 times a day under 100 p.s.i. “They last four times 
longer than others,”’ says user. 


ROCKWOOD SPRINKLER 

COMPANY 
106 Harlow St., _—— 
Worcester 5, Mass. 


Please send me without obligation your 
comprehensive booklet describing Rock- 
wood Ball Valves 


Name 
Title 
Company 
Street 
City 


Zone 




















REDUCE ASSEMBLY TIME 


Workmen gain time assembling with 
Pheoll screws, bolts, and nuts because 
they are accurately threaded, drive 
easily, seat rapidly, grip tighter—as- 
suring stronger assemblies, easier in- 
spection and less rejects. 





Save Coats... lucnease Profits 
with these Pheoll Fasteners 


Am asenT suns 
Sestinc a PHEOLL Machine 
Cap Sere Olts » Special Screws a 
Screws t WS» Machine Screw Nut 
ST « Thumb Screws s 
! Stove Bolts} PWS «© Brass 
ee , 


= 
Screws t | 
"d Bolts 

* Wood | 
Washers | 


¥ "lee 
tFurnished in slotted 
ond Phillips Recessed Heod Types 
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BOLTS 
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Engineering Abstracts continued 
tro-arcing processes have a cutting tool 
and workpiece surrounded by an cl:c- 
trolyte rather than a diclectric fluid. 
The carbide is connected in a d-c cir- 
cuit as the anode, and a rotating metal 
disk acts as a cathode. Both cutting 
and grinding may be achieved, de- 
pending on whether the carbide is held 
against the edge or the side of the 
disk. In this article the results of re- 
search on cutting are reported. 

The Frankford Arsenal test appara 
tus has a mild steel cutting wheel con- 
nected to the negative post of a rec- 
tifier, through the shaft of the motor, 
by means of a commutator and brush 
arrangement. A work clamp is at- 
tached to a lever arrangement which is 
completely insulated from the motor 
by a block of plastic. Work pressure 
is controlled by a sliding weight on 
the lever arm. Rectifier output is a 
maxintum of 120 amp at 30 v, d-c. 
The work and lower portion of the 
cutting wheel are submerged in elec- 
trolyte contained in a plastic trough. 
A plastic shield over the wheel pre- 
vents splashing. 

In a new model being built the elec- 
trolyte will be sprayed over the work 
by means of a pump and nozzle ar- 
rangement. The work will be clamped 
in a universal vise, and pressure and 
direction of feed will be controlled by 
a movable table. 

Because of a carbide 
blanks of suitable dimensions, mild 
steel, 23 Rc, was used for most of 
these Results were frequently 
checked with carbide-tipped tools. 

One of the first tests performed 
showed that pressure on the work has 
no effect on cutting time. Practical 
considerations of vibration required a 
certain minimum pressure, and too 
much pressure jammed the annaratus 
But within this wide range, high pres- 
sure was not required to get good c* 
ting time 


scarcity of 


tests. 


Sodium Silicate Best Electrolyte 


A number of electrolytes and 
quenching fluids were tested to find 
the fluid which gave lowest cutting 
time. Sodium phosphate, sodium bo- 
rate, sodium aluminate, sodium molyb- 
date, sodium citrate, sodium oleate, 
and sodium hydroxide were tested. 
Two non-electrolytes, water and lubri- 
cating oil, were included for compari- 
son 

Test results in Fig. 2 show that cut- 
ting time decreases as current in- 
The curve approaches a level 
eventually, so that for practical pur- 
poses and economy there is an opti- 
mum current beyond which there is 
little point in increasing current 

In Frankford test results, shown in 
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GAST rotary 





air compressors 


ATOMIZE FUEL’ 
OIL UNIFORMLY: 


for “Powermaster” 
Steam Generators 


\ 


Left — Gast Mode! 
2065 used on 100 
H.P. unit. 


PROBLEM: Select a compressor to 
supply uniform, pulseless air volume 
for atomizing fuel oil in the combus- 
tion chamber of Orr & Sembower 
“Powermaster” Boilers. 


SOLUTION: Three sizes of Gast Ro- 
tary Air Compressors proved excel 
lent for boilers of 50, 100 and 150 
H.P. Gast Rotary Vane Design deliv- 
ers positive, pulseless pressures from 
18 to 22 psi and displacements to 22 
cfm — without a bulky pressure tank. 






RESULT: Positive air volume pulver- 
izes every droplet of fuel oil. Long, 
trouble-free performance results from 
ball-bearing compressors with auto- 
matic lubricator, intake filter, cooling 
fins and fans. 
ONCE AGAIN you can see how Gast 
Rotaries — plus concentrated experi- 
ence with air power, low vacuum and 
pressure — helped solve a specific 
problem. Have you considered the 
advaniages of Gast Rotaries on your 
product? Write us, outlining your 
problem — you'll receive prompt co- 
operation. “Air may be your Answer!” 
Gast Application Ideas 
Booklet — showing 26 


design problems solved 
— sent upon request. 





Original Equipment Manufacturers 
for Over 30 Yeors 


 HUITHKY 
AIR MOTORS - COMPRESSORS - VACUUM PUMPS 


(TO TeetE # PF (TO 30 185.) (TO 28 twcmts) 
GAST MANUFACTURING CORP. 139 ‘linkley St. Benton Merber, Mich 
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om 6 GREAT HEAVY-DUTY ENGINES 
22 Quick, efficient drilling of foundation holes for 
nk. NOW AVAILABLE IN THE POPULAR towers and poles, of wells for irrigation, et 
er grows increasingly essential to industry ond 
It H r rr th Auge 
: INDUSTRIAL POWER RANGES care Hare rouse o modern or Age 
, at work. This is a product of H. B. Williams Mfg. 
om Co., Dallas, Texas. Mounted on a turntable at 
to- @ There’s a quick solution to the problem of powering equip- the rear of a Ford F-7 Truck, the auger is 
ng ment designed for construction work, mining, logging, agricul- powered by twin Ford V-8 Heavy-Duty Indus- 
ture or any one of a thousand industrial tasks. Specify a Ford trial Power Units which make light of this task. 
- Heavy-Duty Industrial Engine! 
wi. Ford builds engines ranging from 120 to 317 cu. in 
ol displacement . . . 4-cyl., 6-cyl., and V-8 types. They 
f are designed for rugged industrial jobs and built to 
ic F . * _¢ 7 
ford-famed high-precision standards for long life and 
he economical maintenance. CLIP AND MAU COUPON TODAY! 
ur Nhat’s » wherever vy qui nt is | | 
ur Rg saree Phage “tr ser ar-sognb race Se See Ce 
O- the more commonly purchased replacement parts and, | FORD MOTOR COMPANY 
r! if necessary, trained mechanics for quicker service. 15050 Woodward Ave., Highland Park 3, Mich; 
In fact, the fast-growing popularity of Ford Industrial ) We ore interested in industria! Power for: 
Power is based on three important factors: 1. Ricur 
Power, 2. Richt FeEatTuREs, 3. RicHuT Service. Our ! (state your application) 
experienced Sales Engineers are ready to cooperate | Send = 1952 Moratwre on Ford industriel Engines checked below: 
in any development problems involving the best use ! eee : = * eg pte 
of Ford Industrial Power. “MULTA-TORQUE” Converter 
g if er aa | 
Specify Ford because... ea | 
! | 
MPs YOUR JOB IS WELL-POWERED Cry. —— s | 
) 2 
a WHEN IT’S FORD-POWERED! 22S ARR QED ee 


Propuct ENGINEERING — SEPTEMBER, 1952 263 





















= 





AC MAGNETIC STARTERS 


Write Dept. C-9 for Bulletin 605 


—FOR 
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VISIBILITY 
ACCESSIBILITY 
COMPACTNESS 


The R-B-M melamine arc chamber extinguishes 
the arc of loads far in excess of maximum ratings, 
without impairing the accessibility of the stationary 
and movable contact assemblies. 


A quick glance immediately shows 
which overload has tripped. 


R-B-M puts more usable contact material at the center of 
arcing to provide greater wear before replacement. 


Magnet and coil assembly, as well as stationary and movable 
contacts, can be removed independently of other 
components by using only a screwdriver and without 
disconnecting external wiring. 


R-B-M DIVISION 
ESSEX WIRE corp. 


Logansport, Indiana 


MANUAL AND MAGNETIC ELECTRIC CONTROLS 





AUTOMOTIVE, INDUSTRIAL, COMMUNICATION AND ELECTRONIC USE 
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Time (sec) 
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Current (armps) 


FIG. 1—Plot shows how cutting time de- 
creases with increasing current flow. Curve 
tends to level out to point where current 
increases yield little time gain. 
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Wheel Periph vol Speed (ft/sec) 
FIG. 2—At two different amperages, cut 
ting time decreases as wheel peripheral 


speed increases, though the amperage 
obviously affects the process. 


Fig. 3, cutting time decreased as whee! 
peripheral speed increased, at any 
value of current. Russian investiga 
tors have claimed that cutting time 11 

creases as peripheral speed increas« 

The Russians were working in a speed 
range of from 30 to 195 fps, wii 

Frankford speeds ranged from 10 to 
39 fps. Frankford intends to invest 

gate at higher speeds. 

In early tests, wheels were machined 
on a lathe to a definite thickness an 
diameter, and were generally shap 
to a flat-edge rim. It was found that 
as a wheel was used, the first 12 to 1 
cuts took a fairly long time. Con 
tinued use of a wheel usually resulte 
in a sudden decrease in cuttime time t 
a stabilized reproducible value. Visu: 
examination showed that a bevel wa 
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FIG. 3—Thinner wheels cut faster. The 
cost of making wheels as thin as 0.02 in 
is high. But reduced cutting time justifies 
this. Wheels could be thinner. 


produced on the wheel rim in use. 
Therefore a wheel was prepared with a 
machined bevel. With this, cutting 
time for the first few cuts was lower 
than before, and stabilization occurred 
after about 5 cuts. 


Hardness Doesn't Affect Cutting 
Time 


Table I gives the results of tests of 
the influence of hardness on cutting 
time. The cutting times, averaging 69 
sec, showed normal dispersion, leading 
to the conclusion that hardness has no 
effect on cutting time. These tests 
were made on carbon tool steel. Simi- 
lar tests were made on cobalt steel of 
65 Rc hardness, with an average 
catting time of 31 seconds. The differ 
ence between the two averages is be- 
lieved by Russian investigators to fol- 
low the rule that resistance to cutting 
decreases as the atomic weight of the 
element increases. Insufficient tests 
have been conducted at Frankford to 
support or refute this. 

When wheels with thicknesses of 
0.02, 0.03, 0.04, and 0.05 in. were 
tested, it was plain that cutting time 
was much lower with thinner wheels, 


Hardness Influence on Cutting Time 


Specimen Hardness, Cutting Time, 
- P _ Re yeC 


-_ 
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u'll save with 


Arkwright Tracing Cloths ate-made to help 
you do your best work more easily. — ~~ 
Arkwright cloth saves time. There's never 

a pinhole, uneven yarn or other imperfection 
to slow you down. 

Arkwright cloth saves trouble. You can 
draw over erasures time and again and not 
have an ink line “feather’’. 

Arkwright cloth saves money. If needed, 
you can get clean, ghost-free reproduction 
from a drawing years after you make 
it—years after paper or inferior cloth would 
have turned brittle and opaque with age. 
Wouldn't you like to see for yourself 

why Arkwright Tracing Cloth is best? 
Write for samples to Arkwright Finishing 
Co., Industrial Trust Bldg., Providence, R. I 


ARKWRIGHT 


AMERICA’S STANDARD FOR O ER 3 
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OxS BEARINGS 


NON-METALLIC ¢ SELF LUBRICATING 


303 SOUTH 




















FOR TANKS...TRUCKS.:.TRACTORS... 
OR YOUR APPLICATIONS! 


Since 1913 O & S has 
manufactured self-lubri- 
cated bearings and bush- 
ings. The components of 
these lubricant impreg- 
nated bearings are-an 
especially woven fabric 
combined with a mini- 
mum of critical metal. 
Are these self-lubricating bear- 
ings the answer to your problem? 
Write today for Bulletin 151. 


O«S BEARING CO. 


LIVERNOIS + DETROIT 17, MICHIGAN 
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as Fig. 4 shows. Loss in wheel dia 
ter, for the same number of cuts, 
less with the thinnest wheel than w 
the others. The thin wheels are 
hcult to prepare, but are practical fr 
the standpoint of decreased cutt 
time, low rate of diameter loss 
more economical power consumpt 
Wheels thinner than 0.02 in. wor 
be desirable, but impractical. 

The process described is primar 
intended for high speed shaping 
hard metals and carbides, and does 1 
produce a good surface finish. In g 
eral, the higher the speed of cutt 
the rougher the surface. The us 
machine shop procedure of grindi: 
or lapping machined parts to the 
sired surface finish may be practic 
after electroarc cutting. In additio 
tentative and exploratory experimet 
in electrolytic grinding indicate that 
is possible to obtain surface finish 
that are smoother than finishes ol 
tained by usual mechanical methods 


An Arc Cutting Process 


It has been concluded at Frankford 
that the process is predominantly a 
arc cutting process. If a gap is mait 
tained between the rotating wheel ar 
the workpiece, the only phenomeno 
occurring is electrochemical, with a d 
position of a silicate film over th 
anodic workpiece. There is no po 
sibility for self-initiated sparkover 
since the voltages seldom exceed 
volts. In actual practice, a gap be 
tween the electrodes is constantly b 
ing opened and closed as a result of 
natural vibration. At the moment th 
two electrodes separate, an arc is in 
tiated. It is maintained until quench 
either by too large a gap distance or 
by the sodium silicate solution. Th 
arc is of relatively long duration 
compared to a spark, and because th 
arc has a higher integral temperaturé 
erosion of the anode is predominantly 
a thermal effect. 

The deposited dielectric silicate fils 
is very effective in directing the for 
of arc erosion toward the bottom of 
the cut The coating stays on th 
sides, but is removed from the botton 
of the cut by wheel contact. Other 
electrolytes may be used, but silicate 
most effective 


Welding 17 Cr Stainless 


Abstracted from ‘17 Cr Stainless Replaces 
18-8 in many Weldments,” The Iron Age 
June 26, 1952, Chilton Publishing Co., by 
G. E. Linnert. 


MANUFACTURERS faced with the prol 
lem of finding a substitute corrosior 
resisting material for the copper and 
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THIS... 


A quarter of a century's experience 
gained in making billions of metal 
powder parts, plus our thorough 
knowledge of our business, adds up 
to real and tangible benefits for our 





customers. 


The result of our experience and knowl- 
edge is a constantly widening choice of ma- 
terials and applications. The results of our 
research are techniques that produce closer 
tolerances, improved physical properties and 
more complicated designs. 
It all adds up to the fact that metal powder parts 


made by Moraine do more and better jobs each 
year ... that they are produced faster and at 





lower scost. 


en nt Moe 
yom MORAINE PRODUCTS 


DIVISION OF GENERAL MOTORS 
DAYTON, OHIO 
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“Designing for Shock Resistance” sets forth the principles 
used by the Navy Department in design of shock-proof 
equipment for shipboard applications. Published in “Ma- 
chine Design” Dec. 1950 — Jan. 1951. 


“Shock Testing of Airborne Electronic Equipment” describes 
the characteristics of shock and tells how shock testing 
machines are used. A paper presented at the Dayton Air- 
borne Electronics Conference, 1951; later reprinted in 
“Tele-Tech”. 


“How to Evaluate Shock Tests" tells how mechanical struc- 
tures respond to shock and shows how such respofise can 
be evaluated under controlled test conditions. Originally 
published in “Machine Design” December 1951. 


These Barry reports are part of the complete service we offer 
in handling shock and vibration problems. When you have an 
isolation problem, call the nearest Barry representative, or 
ask our field engineering service to help you. 
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nickel containing metals now in s 
supply have singled out 17 
chromium stainless steel (AISI 
130) as the most promising. How 

the properties of type 430 stau 
steel differ sufficiently from thos: 
more familiar grades of austenitic 15-8 
stainless steel, to warrant a close st 
before attempting to use the mat 

in a given application. The weld 
characteristics and properties of 17 

Cr steels require perhaps the great:st 
amount of consideration because w: 
ing is often the principal method 
assembly. 

When seeking an alternate for 18s 
stainless steel in a particular app! 
tion, the lower chromium steels |i! 
type 410 with 12 pet Cr probably will 
not offer sufficient corrosion resistance, 
Should 12 Cr material be found < 
tirely satisfactory, then the saprlons is 
use of 18-8 was a case of over-grading 
Type 410 is «lassed as a martensitic 
grade, which signifies that the ma 
terial is hardenable. Its hardenability 
is high enough to present a problem 
in welding where the base metal heat 
affected zones become hardened and 
consequently suffer loss of ductilit, 
While this problem can be minimiz 
by restricting the carbon content to a 
low level or by use of the aluminu: 
containing type 405, the corrosion r 
sistance of 12 Cr steels is usually t! 
factor which limits their application 

The higher chromium - stainless 
steels like 442 (21 pct Cr) and ty: 
446 (27 pct Cr) are classed as ferriti 
steels and have somewhat better cor 
rosion resistance than the type 430 
steel containing 17 pct Cr. However 
no simple relationship exists between 
chromium content and corrosion r 
sistance, and it cannot be assumed that 
the resistance of these materials wil! 
be commensurate with their chromium 
content. 

The majority of type 430 steel 
manufactured with a chromium con 
tent in the range of 16 to 18 pet and 
a low carbon content to produce a 
steel which is essentially ferritic. If 
this material is heated within or above 
the critical range (lower temperatur 
approximately 1.600 F) and cooled, 
for example, as occurs in the narrow 
heat-affected zones adjacent to a weld 
the small amount of hard martensit: 
will form in the matrix of soft fer 
rite. Ferrite grain size also increas: 
when 430 is heated above approxi 
mately 1,750 F. These two structural! 
features, ferrite grain growth and mar 
tensite formation, are the factors 
which exert the greatest influence on 
the properties of a weld joint becaus: 
both reduce the toughness and ductil 
ity of the metal 

A relatively small amount of ti 
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of product or process 
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a con pi ' 
2 ‘ cated in Table 130 Ti custor 
; ‘ | contains a titanium content of at 
Tok-Sike kop ol i- timing five times the carbon content 
. vent the formation of austenite 
heating and consequently of n 


ro site upon cooling 
The absence of a structural t 
_ formation allows 430 Ti to be ut 
in a number of applications. The 
den expansion which accompant 
formation of martensite no lo 
takes place on cooling and ther 
the stecl can be used in tele 





cones where glass-to-metal seals 
made. Table II lists mechanical 





physical properties the two gra 
a: | and 18-8 prior to welding 
" Unfortunately, the transition r 
‘ for th 17 Cr steels lies just al 
room temperature. The material 
“ \ be notch sensitive under impact | 
2 : | ing at room temperature and bel 
and will display Izod values of 
. sibly 20 ft-lb or less. When test 
: at ™ Boe a | temperature in the neighborhood 
f t 200 to 250 F, the Izod values will 
: 4 crease to app oximately 30 to 50 ft 
arper notches and lower t 
: tures reduce impact resistance 
by The characteristic to be pt 
; | most in mind when planning th 
“0 sign of a welded 17 Cr article is 
\ notch sensitivity of these steels as m 
. ured by notched-bar impact testing. 1 
‘ conditions under which this sensiti 
. = will cause difficulty are not easy to | 
dict. Almost any piece of equipn 
designed to withstand static load 
may at some time be subjected to a 
dental or untores impact loadi 
Loss of notchcd-bar impact tought 
4 can be taken as fair warning that 
eoery apust 10g Neat PT material will not be able to accom: 
for! trol of plastic and injection molcing date a ppreciable multiaxial str 
pr } } tion t if 1 mixing femmeloliioli even un r Slo" ieee f loading. S 
Typical Properties of Chromium and 
" arvi r vit tects the 
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Packaging Machinery Requires 
Accurate Timing Relationship... 


DIAMOND ROLLER CHAINS 
















On this Carton Setup Machine 
(Package Machinery Co.) many 
functions are coordinated by 
Diamond Roller Chains. 





Thousands of miles of Diamond Roller 
Chains are operating on many types of pack- 
aging, sealing and labeling machinery. For the 
utmost in continuous daily output, engineer 
designers recognize the uniformity, accuracy 
and dependability of Diamond Roller Chain 
where limits are expressed in thousandths of 
an inch. Quality control maintained at ex- 
tremely close total length tolerances is one rea- 
son why Diamond Roller Chains are preferred. 


For your materials handling equipment you'll 
find it pays to rely on Diamond, the chain with 
the Diamond stamp on the chain side-plate. 
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Provide: 

e 100% Speed Ratio 
e Maximum Power Transfer 

e Long-Life Low Cost Operation 
e Simplicity of Design 


On the Carton Closer, long lengths 
of Diamond Chains are employed. 


DIAMOND CHAIN COMPANY, Inc. 
Dept. 443, 402 Kentucky Avenue, Indianapolis 7, indiana 
Offices and Distributors in All Principal Cities 


Refer to the classified section of your local 
telephone directory under the heading CHAINS or CHAINS-ROLLER 


DIAMOND iN caAtNs 
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Durakool 
a dependable 


10 YEAR SWITCH 


Steel-clad with mercury to mercury contacts, the 
Durakoo!l hydrogen filled switch is performing 
with sensational dependability. 
%& Millions of contacts without a falter 
%& Positive “Make and Break” contact action 
¥% Withstands high temperatures 
— No deterioration in storage 
% Seven new models—i to 65 amperes 
% Smaller in size, increased capacity 


















seéQurakool 


MERCURY SWITCHES 


See Telephone Directory for Local Distributor or 


Durakoo!l, Inc Elkhart, Indiana 


Dependable Hydraulic Seals 


Minnesota O-Rings function in air or gas 
systems as well as in hydraulic systems. Air 
cylinders . . . hydraulic valves . . . hoisting 
mechanisms . . . water pumps. . . bottling 
machines . . . refrigerators . . . motors. . . 
lubricators . . . are a few of their uses. 
Minnesota's exclusive injection process makes 
possible very close dimensions, uniformity 
in mass production and downright economy. 
We use special compounds of synthetic rub- 
ber to meet your exact requirements. Let us 
make a quotation on your next hydraulic 
packing installation. 


Manufacturers of 
all types of small 
rubber parts 


Write for O-Ring Catalog 










OM show: 
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stresses of this character are comn 
in welding, particularly in heavy 

tions, avoid notches and points 
stress concentration when possible 

In designing a welded article 
sizes Of available material should 
considered and an attempt made ‘o 
relegate weld joints to the lea 
stressed portions of the weldm 
Joint designs which include inher 
notches should be avoided. Cor: 
joints and Tee joints, particularly th 
made with incomplete penetration, : 
examples. A simple butt joint ma 
with full penetration represents t 
most desirable type of joint and « 
often be arranged through a litt 
planning. 

It is good practice to have the ber 
ing take place across the rolling dir 
tion of the sheet. Bending 430 and 
430 Ti parallel to the rolling directio 
particularly if the corner radius 
sharp, may result in cracking along 
the corner. By bending corners and 
locating the joint in a flat section, th 
butt-joint is readily accessible for 
grinding flush, and, if necessary, X-ray 
inspection. 

In dynamically loaded structures, the 
design engineer must be on guard, to 
avoid failure through fatigue. The 17 
Cr steels are not especially prone to 
fatigue failure. However, this form 
of fracture is the most frequently en 
countered type of mechanical failure in 
weldments of all grades of steel. A 
notch or a sharp change in section is 
usually found to be the underlying 
cause of premature fatigue fractures 
A stress of four or five times the ex 
pected value can easily be concentrated 
at the toe of a fillet weld and in this 
way exceed the endurance limit of the 
material. Sometimes a machining op 
eration subsequent to welding can be 
used as good insurance against stress 
concentration. 

Distortion in 430 and 430 Ti is 
easier to control than 18-8 material 
The lower coefficient of thermal ex 
pansion of the 17 Cr steels will result 
in less warpage subjected to the weld 
ing heat. In addition, the higher ther 
mal conductivity will help diffuse the 
heat from the weld zones. When 
welded articles must be true to shape 
and dimensions even the 17 Cr grades 
should be carefully clamped. These 
should be sufficiently rigid to overcome 
the tendency to warp during welding, 
and should have enough mass to help 
dissipate the heat. 

There are advantages to preheating 
for welding which apply to many 
steels. It may appear quite logical that 
for 430 and 430 Ti base metal each 
should be joined by a weld metal of 
essentially the selfsame composition. 
This is seldom the case. A fact not 
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widely appreciated is that wroughi 
ny tal compositions do not often pro 
good weld metal; and this is par- 
larly true of stainless steels. Bona 
welding rod is made to specially 
dified analysis requirements to in- 

- good weld metal properties. The 

of no filler rod, or thin shearings 
ym the edge of the parent sheet as 
er metal, is not the best practice. 

Type 430 weld metal as formed dur- 
ing any fusion welding process is low 

toughness and ductility, even more 
so than the heat affected zone of 430 
base metal. The as-deposited structure 
of coarse columnar ferrite grains and 
martensite accounts for the very low 
ductility. An article joined with 430 
weld metal should be heat-treated after 
welding to improve the toughness of 
the weld metal. The benefit secured 
by annealing 430 weld metal can be 
seen by the comparison of mechanical 
properties in Table III. 

An austenitic Cr-Ni filler metal 1 
frequently used to join 17 Cr steels to 
secure a ductile weld metal in the as- 
welded condition. For 430 and 430 
Ti a 308 (20 Cr-10 Ni) covered elec- 
trode or a 308 bare rod is generally 
selected, although almost any austeni- 
tic welding material, such as types 309, 
310, or 347, can be applied. Thes: 
Cr-Ni materials will provide a ver 
tough, ductile weld-metal in place of 
the comparatively brittle 430 weld 
metal. The use of Cr-Ni weld metal 
does not prevent grain growth in the 
base metal heat-affected zones of either 
grade, nor martensite formation in 
430. The bending ability of the weld 
joint is improved as a result of havine 
highly ductile weld metal present. 
Despite this advantage of employing 
Cr-Ni weld metal to join the 17 Cr 
steels, the austenitic type of weld metal 
must not be indiscriminately applied. 
Applications may arise where the dif- 
ference in color, physical characteris- 
tics or mechanical properties of the 
austenitic weld and ferritic parent 
metal will cause difficulty. The greater 
coefficient of thermal expansion of the 
weld metal is also cause for concern. 


‘Type 308 v 430 _ 


Typical Properties of Weld Metal 
Deposited by Metal Arc 


20-10 
, Type 308 
Condition Weld 
Metal . , Annealed 
As-Welded| A® Welded, 450°P 


17 Pet Cr 
Type 430 Weld Metal 
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BALL BUSHING 


~ 


The BALL BEARING for your 


LINEAR MOTIONS 


Sliding linear motions are nearly always troublesome. Thousands 
of progressive engineers have solved this problem by application 
of the Precision Series A or Low-Cost Series B BALL BUSHINGS. 


Alert designers can now make tremendous improvements in their 
products by using BALL BUSHINGS on guide rods, reciprocating shafts, 
push-pull actions, or for support of any mechanism that is moved 
or shifted in a straight line. 


Improve your product. Up-date your design and performance with 
BALL BUSHINGS! 


ae 
Now manufactured for '/,", 1/2", 94°, 1", 11; 
shaft diameters. 


and 2'/,” 


LOW FRICTION - LOW MAINTENANCE 
ELIMINATES BINDING AND CHATTER 
SOLVES SLIDING LUBRICATION PROBLEMS 
LONG LIFE + LASTING ALIGNMENT 


Progressive Manufacturers Use Ball Bushings 
—A Major Improvement at a Minor Cost 


THOMSON INDUSTRIES, Inc. 
Dept. F, MANHASSET, NEW YORK 


Write for descriptive literature and the name of our 
representative in your city. 


Also manufacturers of NYLINED Bearings — DuPont NYLON 


within a metal sleeve—for rotation and recipragation 
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PUMPS 


FOR COOLANTS 
LUBRICANTS AND 
ABRASIVE LIQUIDS 


PUMPS 


POSITIVE DISPLACEMENT 
AND 
IMPELLER: TYPES 


PUMPS 


4. |. C. STANDAROS 
OR DIRECT 
MOTOR CONNECTED 


PUMPS - 


DEPENDABLE 
ECONOMICAL, EFFICIENT 


| 





STANDARD OR SPECIAL, 
SOR EVERY MACHINE TOOL 
on een ee ee ene: 
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Air-Conditioned Automobiles 


To the Editor: 

Recently in our local newspaper we 
noticed a news item from PRODUCT 
ENGINEERING regarding  air-condi- 
tioned automobiles in the near future. 
We would like to advise that the Lone 
Star Motor Co. here in El Paso is way 
out in front as far as air-conditioning 
in cars is concerned 

We have installed approximately 
200 refrigerated air-conditioning units 
in Cadillacs and Oldsmobiles over the 
past three years. These units are highly 
successful, and people using them have 
much praise for their efficiency anJ 
comfort. 

I do know that General Motors is 
experimenting with Frigidaire air-con- 
ditioning in cars at the present time 
and am sure that we will have them 
as standard equipment in 1953. 

Thought you might be interested in 
knowing how far Texas is ahead of 
the rest of the country. 

W. H. Woo.prince, Pres 
Lone Star Motor Co 


Ed Ya a-y Texas 


More 12 Place Math 
To the Editor: 


It was highly gratifying to me that 
you saw fit to print Mr. John E. White- 
side’s remarks concerning duodecimals, 
to which you added a brief exposition 
of the workings of this system. 

Your readers may, however, get the 
impression that the system of measur 
ing by duodecimal notation is some 
what jumbled, inasmuch as you set 
forth the ‘Mechanics Scale” and the 
“Basic Scale”, wherein the units of onc 


| are intermediate in value to units of 


the other. This is one illustration of 
a dilemma that has hindered what I 
consider the very desirable adoption of 
the suggested system, namely whether 
to design units of the new system 


| > , ° . 
around familiar units, as far as poOssi- 


ble (such as inches, feet), or start out 
fresh with entirely new units chosen 
for particular functional advantages or 
for association with scientifically-de- 
termined values. Each system has its 
merits, and if the proponents of duo- 
decimals could consolidate behind one 


‘INSTRUMENT 
BALL BEARING 
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In the new RMB FILMOSEAL bearing, o 
capillary film of oil forms between cylin- 
drical washer (A) and the tapered 0.D. of 
inner race (B). This strong film of oil seals 
the bearing — keeps the lubricant in, 
keeps dirt out — yet there is no rubbing 
contact between the sealing elements. 
The FILMOSEAL bearing thus has all the 
advantages of a sealed bearing, plus the 
freedom of rotation of an open bearing: 
















@ Permits the use of oil instead of 
grease as a lubricant. 


Low starting and running torque. 
Torque constant over long periods. 
Adjusts for pressure variations. 

No heating or scoring at high speed. 
Remains sealed in any position. 
Maintenance is greatly reduced. 
















FILMOSEAL precision bearings are available 
in 10 bore sizes from 2 mm. (.0787”) to 
8 mm. (.3150") and corresponding 0.0. 
from 6 mm. (.2362”) to 22 mm. (.8661”). 










WRITE FOR 
COMPLETE 
DESCRIPTIVE 
LITERATURE 


LANDIS & GYR, INC. 


45 W. 45th St. New York 36 






















SEPTEMBER, 195 





a . E 
4 Say 


CENTERS” 
made to order 
| for instruments 


and controls! 


; 








Cost-savings, too, with these bellows assemblies ! 


F YOU HAVE a tricky job that a 

bellows assembly can do, we 
can build the assembly to do the 
job. For we help design engineers 
in practically all industries — 
produce these “‘nerve centers” for 
many instruments and controls. 

They’re used in thermostatic 
devices. . . flexible connectors ... 
pressure controls . . . hydraulic 
mechanisms and other units. 


FULTON 
SYLPHON 


DIVISION 
Knoxville 4, Tenn, 


VRopuCT ENGINEERING 


A few of the many types of 
assemblies we build are shown. 
All are made to order, to your 
specifications. 

And you'll make cost-savings, 
too. For you benefit from our half- 
century of experience in this spe- 
cialized field. Our skilled person- 
nel work with you designing and 
developing assemblies — produce 
them for you in a wide range of 


I 
TMPERATORE CONTROLS = BELLOWS ASSEMBLIES = BELLOWS DEWICES 
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metals and sizes. You save time 
and money. 

If you have a product requiring 
one or more bellows assemblies 

. if you have a design problem 
involving control of temperature 
or pressure that bellows assem- 
blies can help solve . . . write us 
for helpful information and 
advice. Ask for idea-packed 
Catalog RP-1200. 


at 


BRIDGEPORT 
THERMOSTAT 


DIVISION 
Bridgeport 1, Conn, 














— _<- 























Write for sample assoriment or 
test samples for your specific job. 


KESTER SOLDER COMPANY 
4224 Wrightwood Ave., Chicago 39 
Newark 5, New Jersey « 





TO SAVE PRODUCTION TIME 


KESTER 
SOLDERFORMS 


For Soldering with flame, carbon-resistance, 
oven, induction and conventional iron. 
DIMENSIONAL STABILITY Every single Kester 


Solderform is made exactly to specification. 
What's more .. 





. they are delivered that 





way to you, ir perfect condition, because 
of Kester’s scientific packaging 



















KESTER 
SOLDER 













Brantford, Canada 
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Lock Ring 
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formance based on rigid tests to government 
specifications. 












Single or Double 
Curtis “Standards”—of selection, heat treat- 
ment, strength, accuracy, tolerances, concen- 
tricity and smoothness —surpass the Class I 
specifications of the AAF. Today these 
standards—and Curtis Universal Joints—are 
used in every branch of the Armed Services. 

14 stock sizes to choose from with facili- 
ties immediately available for specials to 
specifications. 


ONLY CURTIS OFFERS ALL THESE ADVANTAGES 
Availability — 14 sizes always in stock. 


Simplicity — fewer parts, simpler construction. 
Government Tests - complete equipment for govern- 


ment tests in our plant. 
€ Write today for free engineering 
data ice list 


CURTIS UNIVERSAL JOINT CO., INC. 
11 BIRNIE AVENUE SPRINGFIELD, MASS. 
As neor to you as your telephone 
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be made. 


of them I believe great progress 


Doubtless you will get the usua 
jections from people who think t 
is something “wrong” with duo 


mal ‘decimals’, that “you can’t 


logarithms”, that “‘trig formulas » 


work out”, and various other 
plaints based on a belief that 


+ 
( 


is something inspired or “natu 
about the usual decimal system. Nor 
of these objections will stand anal 
but in fact there are some attril 


of duodecimals that actually fit 





metric and spatial relationships better 
than our present measures. Consider 
the twelfth part of a circle. This is 30 
deg of our present measure (wherei 
90 deg is a quadrant and 360 deg 
circle, both completely arbitrary num 
bers chosen to facilitate computations) 
but would either have a name of it 


own in duodecimals, in which 


it would be a unit quantity, or would 


be referred to 


as “0.1 circle” 


1/12 circle). There is no point in 
ing this in our present numerical 
tem, because 1/10 of a circle is a | 
ticular angle which happens to b 
deg in our present system of measur 
ment, a quantity which is occasional); 


of use to designers of gears, 


much otherwise. 


cams 
stars, and Pentagon buildings, but not 


Mr. Whiteside prefaced his remarks 
by referring to computing devices, and 
might have taken the opportunity to 
emphasize the virtues of duodecimals 


in connection therewith. 


Present-day 


machines mostly operate in binary sys 
tems and variants thereof, because the 
electronic stages mostly are “either-or” 
arrangements, wherein the unit cycle 


repeats after the second step. 


some counters operate decimally 


Tru 


by 


couriting around a ring of ten stages, 
or by using four binary stages (16) 
and dropping out the extra 6 along the 
way, or by using a system such as bi- 
quinary notation, involving a binary 
stage and a five-place ring in tandem 


to make ten. 


The last-named is the 


only one that reads decimally and is 
reasonably economical of stages (7) 
The same seven stages, arranged 4 and 
3 for what I call ter-quaternary nota 


tion, can count to 12. 


The two extra 
counts do not look like very much, bu 


> 


in large-scale, high-precision opera 
tions it will be found that 13 duod: 
mal orders are more than the equiv 


lent of 14 decimal orders so that 4 


Ps 


whole order (7 stages) is saved in de 


vices of this capacity. Even 


if 


stages are saved, as in smaller m 
chines, the precision is enhanced be- 
cause 2 given number of digits repr 
sents a larger quantity duodecimal! 
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Arwood's highly efficient 
precision casting plants 


The plants of Arwood are planned and built to be 
ellicient, to manufacture economically and to deliver 
the utmost in quality and finish. The personnel is care- 
fully selected and trained to produce to Arwood’s 
exacting standards of manufacture. 


These facts about Arwood production are of impor- 
tance. The design and die division, for instance. has 
made literally thousands of intricate moulds and has 
the experience to answer the most difficult design prob- 
lems. The cam illustrated is a typical example. Arwood. 
too. is able to cast in both ferrous and non-ferrous 
metals to tolerances of = .002 to .005. Whether a 
quantity is large or small flexibility in design makes it 
economical. Service is another factor. Resident sales 
engineers throughout the country are able to give you 
valuable information quickly. 


General offices and plant. 


Brookivn. N 





Here are a few practical results of the Arwood opera- 
tion. A part was designed and made three times stronger 
than it had been made before at a 90°, saving. Another 
application combined seven parts into one. And many 
times, after careful study. precision casting parts were 
made that could be made no other way. Arwood has 
accepted many challenges and because of engineering 
skill, perfection in tooling, complete control and pro- 
duction efficiency, has been able to meet each one. 


Tilton, N. H.. plant 


If you have a production problem. why don’t you 
write Arwood. Our engineers have worked in many 
industries and have the “know-how” that can be helpful 
to you. For important information about the versatility 
of precision casting. write for our booklet. “Alloy 
Selection and Design for Investment Castings.” and visit 
our booth, No. 1758, at the National Metal Exposition 
in October in Philadelphia. 





PRECISION CASTING CORP. 
68 WASHINGTON STREET * BROOKLYN 1, NW. Y. 


Stainless steel release can 


made by Arwood at a 58 saving 
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TAMPINGS 


PILOT RUNS 


SPECIAL METHODS PRODUCE 
SMALL QUANTITIES AT 
MINIMUM COST. 


When you need just a few pieces — 
when you're still in the experimental 
stage —then an economical, cooper- 
ative source of parts is important. 


Our Machine-Cut Method avoids 
custom die costs completely by use 
of special machinery which skill- 
fully fashions pilot quantities. 


Careful calculation determines the 
point at which labor costs warrant 
our Short Run Method, which uses 
simple contour dies and special pur- 


pose presses. 


Best of all, when you get into large 
quantities on the experimental part, 
our STAMPINGS Division is still 
your most economical producer, 
using our Production Method. Thus 
all three methods are at your dis- 
posal. And impartial choice of 
method saves money for you! 


For more information, use coupon on opposite page 


SLAW PINGS 
OIVISIOn 


© LAMINATED of 





7 














|O COMPANY, INC. O 


— 














1409 Union Street, Glenbrook, Conn. 
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the last place is a smaller fraction o! 
the total quantity represented 

The last point above is related to a 
fact that might interest designers and 
machinists. Duodecimal 0.001 is 
really 1/1728 in our present notation, 
or not far from “half-a-thousandth’”’ 
which we now express as 0.0005, usin’ 
the fourth place of decimals. (This 
statement is a trifle optimistic; the 
value of duodecimal 0.001 is actually 
almost decimal 0.0006) Mr. White 
about 1/64 being duo- 
decimal 0.023 | interesting but ts 
gain related to the desire to save th 
mnventional units such as 64ths; if we 
wanted to work to 72nds, we would 
proceed as follows: 0.02, 0.04, 0.06 
0.08, 0.0X, 0.10, 0.12, etc. Two-pla 
xpressions, only the even 
for fractions 


head's remark 


and using 
numbered ones at that 
finer than a 64th! 
WILLIAM C, Senum™ 


Annual Handbook of 
Product Design 


To the Editor: 


Please advise how I can secure a 
copy of “The Annual Handbook of 
Product Design for 1953" 

I am not a subscriber, though I 
do manage to secure issues of PRODUCT 
ENGINEERING here in the islands. 

ARTURO L. LOPEZ 
Manila, Philippi 


Ed-—The ‘‘Annual Handbook of Prod 
uce Design for 1953” will be included 
in the subscription to PRopuct ENGI- 
NEERING. A limited number of copies 


will be available at $2.00 per copy. 


PE Article Used in 
College Course 


To the Editor: 


For some years I have been offering 
a course in Mathematical Computation 
by Physical Means. The recent article 
on Resistance Wire Computing Device 
for Solving Algebraic Equations by 
C. V. Ramamoorthy and W. W 
Soroka in the February 1952 issue of 
PRODUCT ENGINEERING seems to pro- 
vide suitable material for this course. 

I am writing to ask your permission 
to reproduce this arti icle by an offset 
process (Multilith) for cost-free dis- 
tribution to and retention by the stu- 


dents (roughly thirty per year) who | 


take this course. At the same time I 
am writing to the author to make sure 
he is willing to have his article so 
used. Since our method of reproduc 
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Books Serve as Tools 
in Defense Production 


Defense production needs have 





spotlight on today’s rapid technical de 
rr ts n mat nes, materials rocesses 
ent New demands for know-t 

s sor from to; ng 
lesigr ‘ re ny iev BS 

s it ar ils work Ma 
you } rn tT yandy 

y staff t 

val s of t technical trainir ind 
nz uf rrded by M Graw-Hill t 


Mechanical iaeaa! Handbook 


Provides practical data on every bran 


mechanical engineering fre aeronau 
chani« rigeration. fro 
nt ng, from ta 
l nv Z Ne ate i 
' l luid r inics raft 





ndustrial supersonics, r 
Edited by Lione 
Prof. of Mech. Eng 
5th Edition, over 220 


pulsion, plastics 
fuels, and many 1 re 
Marks, Gordon McKay, 
Emeritus. Harvard Univ. 
pages, 1500 Lllus., $15.00 


, 


Tool Engineers Handbook 


An outs‘anding reference ee you av- 


thorit ative Gata on th desigr 
ain ince i ect I al 8 ndu 
conte aad t ichinery. It covers everything 
r luct s t at st s la I 
h tt I al se n of ‘ 
ses and ols te ! analys 
iprovem and operations By 


American Soc ie ty | "Tool Engineers, fF W 
Wilson, Editor-in-Chief. 2150 pages, over 2000 
charts, table and diagrams. $15.00 


Handbook on Designing 
for Quantity Production 


Provides the tested rules to enabl 





lesign nm nor eal produ t parts f 
, t qu _ 4 s you hundred 
sign pointers to f low in designing bas 
ian y fu by stamping 

isting e casting scr \ achine die 


ng. ete nd new material on wire 
per inent mold castings mpact extru 
By Herbert Chase. 2nd Edition, 561 pages 
417 Ulustrations, tables and charts, $7.50 


Quality-Control Handbook 


An outstanding re ference bringing you au- 
thoritative data on t design, fabr 


product quality at lower cost Use it for } 
r advanced W fa I ises, n r 
Statis al of tl jua ntrol func 
k re en ny rmulas 

rd f ms, and I pra al inf : 

Covers n es of quality ntrol: orgar 

n fer quality; accsenees e, ——s and 

surance of quality; a specific pr 

sses and products Hdited fee 3. M. Juran, Con- 


sulting Management Engineer. 
176 illus., $10.00 


Materials Handbook 


Presents the most ‘pertine nt and import: ant 
facts relating to more than 8800 materials t 
enable xcutives asing agents, and « 
neers to make yarison, avoid checkir 
many sources anc quickly get a wor 
c<nowledge of the materials best suited f 
parti euler purpose. Gives detafled informat 
m ch characteristics omparative da 
sources, substi tutes adulterants, and uses f 
— m sence _ ludes a section on econor 

m rials. By George 8S. Brady 
sth “Edition, ‘879 pages, $8.50 


SEE THESE BOOKS 10 DAYS FREE 


768 pp., 6x 9 


h 






McGRAW-HILL BOOK COMPANY, INC. 
330 W cand Street, NYC (36) 

Send me checkedgbelow for 10 days’ fr 
examination on approval! In 10 a I will rer 

for book ( 3) I keep plus a few cents for delivery 
and return unwanted book(s) postpaid (We pa 
for delivery if you remit with this coupon—sa 

turn privilege.) 


| | 
| | 
| | 
| 
| 
| © Marks-MECHANICAL ENGRS. HDBK—$i15.0 | 
| © ASTE—TOOL ENGINEERS HDBK.—$15.00 | 
| () Chase—-HDBK. ON DESIGNING—$7.50 | 
| | 
| | 
| | 
| 
| 
| 
| 
| | 
' | 


Juran—QUALITY-CONTROL HDBK.—$10.00 
|} Brady-—-MATERIALS KHDBK.—$8.50 
(Print) 
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teaders Say 


utilizes a photographic process, 
ywwledgment to the author and 
uct Engineering would be auto- 


RANDOLPH CHURCH, CHAIRMAN 
Dept. Math. & Mechanics 
United States Naval 
Postgraduate School 


M nlerey, Calif. 


Ed —We are glad to extend to you per- 
sion to make offset or Multilith 

opies of the article ‘Resistance Wire 

Computing Device,” by C. V. Rama- 
orthy and W. W. Soroka which ap- 
ired in our February issue. 

Since you are not planning these 
copies for sale, and they are entirely 
for student use, I can see no objection 
whatsocver I am pleased that you 
thought highly enough of the article 
to include it in your course 


Sources of Silicon Monoxide 


To the Editor: 

While reading the Propuct ENGI 
NEERING magazine, I noticed that one 
of your subscribers was interested in 
finding a source of Silicon Monoxide. 

We can produce this material in the 
form of a light brown powder that is 
sold at $12.50 per lb. The chemical 
analysis of the material is as follows: 


Percent 
Material not volatile with HF 1.84 
Carbon 4.40 
Silicon Carbide nil 
Silicon Monoxide (SiO) 62.80 
Silicon Dioxide (SiO. ) 31.00 


N. G. GRAFTON 
Ge Ié ral Electric Co. 





Where Can I Get It? 









Reinforced Plastics 
I ) the Editor: 


In your May 1951 issue I read on 
page 157 that you had previously pub- 
lished an article on “Reinforced Plas- 
tics” by Richard J. Francis. This arti- 
le appeared in the February 1951 
ssue. I would like to know if a re- 
print of the article mentioned above 
available and how I may obtain one. 
it a reprint is not available, I would 
ke to know if it is possible for me 
) purchase a copy of the February 
sue. 
It would also be appreciated if you 
n advise if other articles on the 
me subject have appeared in your 
c other technical magazines and 
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BRING YOUR SHIM PROBLEMS 
TO “SHIM HEADQUARTERS” 


ONLY LAMINATED SHIM COMPANY 
OFFERS YOU ALL FIVE SOLUTIONS: 


SIMPLY PEELS FOR ADJUSTMENT 

Made up of from 3 to 63 layers of .002 
or .003 inch brass or steel, metallically 
bonded together over their entire sur- 
faces. No dirt between layers. Peels 
with penknife. 





FOR QUICK, ASSEMBLY LINE USE 

The laminations of the Lamisot Shim 
(in brass only) are temporarily joined 
by spot-soldering on the edges. Gauges 
and number of laminations within one 
shim are unlimited. 








“the little 
ted holds ‘em 








FOR SUPER SPEED, THIN GAUGE SITUATIONS 
The little tab holds shim laminations 
together firmly, yet is easily removed. 
Different metals can be used in the 
same shim. 





THE 
LOOSE LEAF 
SHIM 





FOR UNLIMITED FLEXIBILITY 

This is the simplest of all custom- 
stamped shims. It is completely flexible 
Usually sets including several different 
gauges are made u» 





PACKAGED 
SHIM 
sTOCK 








© LAMINATED © 











© COMPANY, INC. O 





READY FOR EASY USE, WITHOUT WASTE 
Thin gauge 6” x 100” rolls feed 
through package slots. Heavier gauges 
in “at envelopes. Available from your 
Industrial Distributor. 


*T.M. Applied Fer 


SHIM HEADQUARTERS SINCE 1913 


Check Our Stampings Division 
For Your Stamped Parts Requirements 


USE COUPON fer more information 


MAIL TODAY! 


LAMINATED SHIM COMPANY, INC. 


1409 UNION STREET, GLENBROOK, CONN. 


Please send me more information on: 














0 swims - STAMPINGS — s8orn 
(C0 We'd like te discuss ovr problem with one of your Sales Engineers. 

NAME ee —  682~=C 

COMPANY - 

STREET — — 

city. 2 ae STATE 
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hints for molding metal inserts 
in ACE HARD RUBBER... 


It takes no less than 70 pages in the new Ace 
Handbook to cover the amazing versatility of 
Ace Hard Rubber! For instance, you'll find a 
choice of many different compounds .. . tensile 
strengths to 10,000 psi, dielectric strength over 
600 v/mil, heat resistance as high as 300’F., 
water absorption as low as 0.04% .. . in molded 
parts, sheets, rods, tubes and linings . . . with 
complete (among world’s largest) facilities for 
design, molding, extruding, finishing . . . for 








thousands of applications. Always check your ad 
Ace Handbook when selecting materials for | 
today’s production and tomorrow's plans. It's 
free—write today. 
100th | 
swmwesstet American Hard Rubber Company | 
GQ” 93 worrm steeer + mew voRK 13, @ ¥ | 
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Our Readers Say 


| Easi-Flow silver brazing solder which 
| would enable you to make it for your 


| Wants More Data on 
Heat Resistant Adhesives 


| more information on this subject. 


| by General Motors. 





















































whether there have been any 
published recently on the subject 
EDWARD Ha 


Highland Park, 


Ed—-Enclosed you will find the 
cle written by Richard J. Fran 
titled ‘Reinforced Plastics 
appeared in the February issu 
PRoDUCT ENGINEERING. We are 
enclosing a four-page article ent 
Glass Fiber Reinforced Plas 
which was published in our Nove 
LOSI issue 

We are unable to advise you of s 
lar articles which have appear« 
other papers but we have Passed 
your request to our Book Comp 
They will check their book list an 
any books on the above subject 
listed they will advise you 


Sorry, Its Private Property 
kdi ) 


often 





/ the 


We use what is known 
England, and we believe also in th 
2 A ‘Easi-Flow No. 2 
solder’ and Easi-Flow flux for brazing 
steel and copper tubes. 

We should like to receive specifica 
tion and technical details of thes« 
terials such that we can make th 
ourselves or have them made for « 
own us¢ A. C. R. GREEN! 
Deven, Englan 











is SIL\ 


Ed—I'm sorry to say that it is impos 
sible for us to give you the details of 







self. This product is a trademark 
the Handy & Harman Company, | 


cated at 82 Fulton St., New York 
New York and the formula and 


method of making it are their property 


To the Editor 

We are interested in the article « 
page 200 in your February, 1952 iss 
relative to some heat resistant 
hesives. We would appreciate it if } 
could tell us where we can get soi 


E. W. McGuIn! 
General Electric ¢ 


Ed—Regarding heat-resistant adh 
sives, we cannot give you any brand 
names on these materials. The adh 
sives described in our February iss 
were developed and are being us 


However, you can obtain any inf< 
(Continued on page 285) 
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Readers Say continued 





ion you might want from cither 
\' A. J Keartott or Mr. ¢ Ve 
Roush, at the General Motors R« 
rch Laboratories in Detroit, Michi 


l 


Design Games 
the Editor 
I am interested in product engineer 
g and design as related to the game 
ianufacturing industry. Can you sug- 
vest sources Of available material cov- 
ering this specialized subject ? 


PAUL V. GILLETTI 
Holland, Michigan 


Ed—If you write to the two publica 
tions listed below, they might be abl« 
to help you. They did not deal exclu- 
sively with product engineering in th 
design of games, but might be able to 
give you some valuable leads. 
Playthings, McCready Publishing 
Co., 71 West 23rd St., New York 10, 
N. Y.; Toys and Novelties, Toys & 
Novelties Publishing Co., 307 N 
Michigan Ave., Chicago 1, IIL. 


Paper Thermal Indicator 
To the Editor: 


In the May 1952 issue of your publi- 
cation, reference is made to a paper 
thermal indicator made by the Army 
Quartermaster Corps 

We are very much interested in ob- 
taining much detailed information on 
this indicator and would appreciate 
your directing us to the proper party 
in the Army Quartermaster Corps for 
such information. A. J. LIEBMAN 


Dravo Corp 


Ed—For further information on Paper 
Thermal Indicators you may write to 
Lt. Arnold S. Lott at the address 
below: 
Publications Division 
Pentagon Building 
Washington, D. ¢ 


Selenium Rectifier Users 
To the Editor: 


We are a user of selenium rectifiers 
and would appreciate further informa- 
tion concerning foreign suppliers of 
this equipment as mentioned in a de- 
oe administration report, 
juoted on page 115 of your February 
1952 issue. T. W. WHITE 

Ther Electric & Machine Wks. 


Ed—The information on foreign sup- 
pliers of electronic equipment which 
we published in our February issue 
was obtained from a Defense Produc- 
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Technical Service Data Sheet 
Subject: SPECIFICATION RUST PROOFING AND 
PAINT BONDING CHEMICALS 





1952 








SPECIFICATION ACP SPECIFICATION 
NUMBER CHEMICAL 
_p. “LITHOFORM" 
QQ-P-416 ““ZINODINE™ 
RR-C-82 | “LITHOFORM’’ NO. 32 
MIL-C-SS4) corsage 
(See also QPL-5541-1) ALODINE 
_— — - a — 4 — 
| MIL -C-16232 
Type | ** THER MOIL-GRANODINE 
| Type Il ‘*PERMADINE”’ 
“GRANODINE” 
MIL-E-917A (Ships) “LITHOFORM” 
““ZINODINE” 
MIL -L.-3077 ‘*PERMADINE” 
“ALODINE”’ 
MIL-S- 
| MIL -S-5002 “GRARODIIE”’ 
MiL-V-3329 "GRANODINE”’ 


ee + — 


| 
| 
| 


JAN-C-490, Grade | “GRANODINE"’ 
“GRANODINE” 

| JAN-F-495 “LITHOFORM” 

JAN-L-54BA | “PERMADINE” 

| JAN-T-704 ‘“GRANODINE” 

| enieenen —E = - EE 

AN-E-19 ““ZINODINE” 

“ALODINE” 

| ""GRANODINE” 

AN-F-20 “LITHOFORM" 

(See also U.S.A. 3-213) “PERMADINE” 
‘*THERMOIL-GRANODINE 
“ZINODINE"’ 


U.S.A. $7-0-2C 

Type ll, Class A 
Type ll, Closs B 
Type Il, Cless C 


! 
| U.S.A. 51-70-1 


“THER MOIL-GRANODINE 
“PERMADINE™ 
““GRANODINE” 





Finish 22.02, Cless A **THERMOIL-GRANODINE 
Finish 22.02, Cless B ““PERMADINE” 
Finish 22.02, Cless C | **GRANODINE” 

U.S.A. 50-60-1 ““GRANODINE”’ 

U.S. Naverd O. S. 675 ““ALODINE” 

U.S. N. Appendix 6 “LITHOFORM"” 


a - _— + ~ _ — 


**PERMADINE”’ 




















| M-364 ‘"TMERMOIL-GRANODINE 
| | “aLoome” 
16E4 (Ships) *“*GRANODINE” 

**ZINODINE” 

a anal il 
| AN-C-170 (See MIL-C-5541) 
| U. S. A. 72-53 (See AN-F-20) 
| AXS-1245 (See JAN-C-490) 

WRITE FOR 





+ 
| 
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=== American Cuemicat Paint Company 
AMBLER [i 





SPECIFICATION TITLE 


PLATING, CADMIUM 
ELECTRODEPOSITETC 


CANS, CORRUGATED. ASH AND GARB 
AGE, TAPER-SIDE, ZINC-COATEL 
WITH COVERS 
CHEMICAL FILMS FOR AL 
ALUMINUM ALLOYS 


COATINGS — PHOSPHATE OIL EL 
SLUSHED, OR WAXED (FOR FERROUS 
METAL SURFACES) AN PH PHATE 
TREATING COMPOUNDS 


EQUIPMENT, ELE R POWER. BA 
Si RE QUIREMENTS FOR NAVAL 
SHIPBOARD USE 


LINKS, METALLIC BELT, FOR SMA 
ARMS AMMUNITION 


SURFACE TREATMENT EXCEPT 
PRIMING AND PAINTIN FOR METAL 
AND METAL PARTS IN AIRCRAFT 
VEHICLES ( MBAT EFLE-PR 
PELLED AND TOWE SENERAL RE 
QUIREMENTS FOR 


CLEANING AND PREPARATION Of 
FERROUS METAL SURFACES FOR OR 
GANIC PROTECTIVE ATINGS 
FINISHES FOR EQUIPMENT HAR 
WARE 

LINK, METALLIC BELT, 20 Mm., m8 
TREATMENT AND PAINTING (FOR. 


CONSTRUCTION AND 
EQUIPMENT) 
ELECTRONIC EQUIPMENT; GENERAL ] 
SPECIFICATION FOR 


ENGINEERING 


FINISHES, FOR ELECTRON £ QuIF 
MENT 
FINISHES PROTECTIVE, FOR IRON 


AND STEEL PARTS 


PAINTING AND FINISHIN OF FIRE 
CONTROL INSTRUMENTS; GENERAL 
SPECIFICATION FOR 


CONTAINERS, METAL, FOR ART 
LERY AND ROCKET AMMUNITION 


SPECIFICATIONS FOR THE MANUFA 
TURE AND INSPECTION F AR 
TRIDGE, POWDER, ANI b KET 
TANKS (ALUMINUM 

INSTRUCTIONS FOR PAINTING 
GENERAL SPECIFICATIONS FOR 
BUILDING VESSELS OF THE NITET 
STATES NAVY 


AERONAUTICAL PROCESS 


NAVY 
SPECIFICATION FOR OMPOUND 
PHOSPHATE RUST-PROOFING PR 
CESS 


ELECTRONIC EQUIPMENT, NAVAL 
SHIP AND SHORE 


GENERAL SPECIFICATION 


CHEMICAL FILMS FOR ALUMINUM AND! 
ALUMINUM ALLOYS 


FINISHES (FOR 
EQUIPMENT) 


CLEANING AND PREPARATION OF 
FERROUS METAL SURFACES FOR OR 
GANIC PROTECTIVE COATINGS (EX 
CEPT FIXED INSTALLATIONS 


GROUND SIGNAL 


DESCRIPTIVE FOLDERS ON THE 
ABOVE CHEMICALS AND FOR INFORMATION ON 
YOUR OWN METAL PROTECTION PROBLEMS 








ACP 














~~ a. 





hints for mo 
in ACE HA’ 


It takes no less than 70 page 
Handbook to cover the ama 
Ace Hard Rubber! For insta 
choice of many different com 
strengths to 10,000 psi, dielec 
600 v/mil, heat resistance a 
water absorption as low as 0. 
parts, sheets, rods, tubes anc 
complete (among world’s lar 
design, molding, extruding, 
thousands of applications. Al 
Ace Handbook when selecti 
toaay’s production and tomo 
free—write today. 


swveaaee American Hard Rubber Company 
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published recently on the subject 
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sives, we cannot give you any brand 
names on these materials. The adh 
sives described in our February iss 
| were developed and are being us 
by General Motors. 
However, you can obtain any inf« 
' (Continued on pace 28 
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SPECIFICATION TITLE 
PLATING, CADMIUM 
(ELECTRODEPOSITED 
—e 
CANS, CORRUGATED: ASH AND GARB 
AGE, TAPER-SIDE ZIN ATEC 
WITH COVERS 
CHEMICAL FILMS FOR ALUMINUM ANI 
ALUMINUM ALLOYS 
COATINGS — PHOSPHATE ILEC 
NE” SLUSHED, OR WAXED (FOR FERROUS 
METAL SURFACE AND PHOSPHATE 
TREATING COMPOUNDS 
— we... 4 
EQUIPMENT, ELECTR POWER. BA 
SIC REQUIREMENTS FOR NAVAL 
SHIPBOARD USE 
LINKS, METALLIC BELT, FOR SMA 
ARMS AMMUNITION 
SURFACE TREATMENT EXCEPT 
PRIMING AND PAINTIN FOR META 
AND METAL PARTS IN AIRCRAFT 
VEHICLES, COMBAT FLE-PR 
PELLED AND TOWwE ENERAL RE 
QUIREMENTS FOR 
CLEANING AND PREPARATION OF 
FERROUS METAL SURFACES FOR 
GANIC PROTECTIVE A TINGS 
| FINISHES FOR EQUIPMENT HARI 
| WARE 
| LINK, METALLIC BELT, 20 mm. mB 
| TREATMENT AND PAINTING (FOR. 
| CONSTRUCTION AND ENGINEERING 
| EQUIPMENT) 
| ELECTRONIC EQUIPMENT; GENERAL 
SPECIFICATION FOR 
| 
FINISHES, FOR ELECTRONIC FQuUIF 
MENT 
we’? | 
| 
NeE"’ FINISHES, PROTECTIVE, FOR IRON 
AND STEEL PART 
we” PAINTING AND FINISHING OF FIRE 
CONTROL INSTRUMENTS ENERAL 
| SPECIFICATION FOR 
— = 
| CONTAINERS, METAL, FOR ARTI 
| LERY AND ROCKET AMMUNITION 
SPECIFICATIONS FOR THE MANUFA 
TURE AND INSPECTION f AR 
TRIDGE, POWDER, AN ROCKET 
TANKS (ALUMINUM 
INSTRUCTIONS FOR PAINTING 
| GENERAL SPECIFICATIONS FOR 
| BUILDING VESSELS OF THE UNITEC 
| STATES NAVY 
NAVY AERONAUTICAL PROCESS 
SPECIFICATION FOR COMPOUNL 
Ine” PHOSPHATE RUST-PROOFING PR 
CESS 
—— . j 
ELECTRONIC EQUIPMENT, NAVAL 
SHIP AND SHORE 
GENERAL SPECIFICATION | 
CHEMICAL FILMS FOR ALUMINUM AND) 
ALUMINUM ALLOYS 
FINISHES (FOR GROUND SIGNAL 
ne rele : EQUIPMENT) 
CLEANING AND PREPARATION OF 
FERROUS METAL SURFACES FOR OR 
Boe SA-C-600 GANIC PROTECTIVE COATINGS (EX-| 
__| CEPT FIXED INSTALLATIONS 











rye agp wu rs aay we jvu- o werawemsy 
oath 1952 issue. —T.W. Were || 
ran actite ¥ be 
aah Ther Electric & Machine Wks. | axs-1245 
issi . Ed—The information on foreign sup- 
us pliers of electronic equipment which 


we published in our February issue 
was obtained from a Defense Produc- 
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WRITE FOR DESCRIPTIVE FOLDERS ON THE 
ABOVE CHEMICALS AND FOR INFORMATION ON 
YOUR OWN METAL PROTECTION PROBLEMS 


ion you might want from cither ————— AMERICAN’ CHEMICAL PAINT COMPANY 
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002°" BEAD CHAIN 
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WHAT OTHERS HAVE DONE: Here ore co few of 
the scores of ways in which alert designers have taken 
advantage of the unique combination of useful qualities 
that make Bead Chain “The Kinkless Chain of a Thou- 
sand Uses”. 







LOW-COST, THREE DIMENSIONAL SPROCKET 
DRIVE Made possible by non-kinking, free-swivel- 
ing action of each bead. Slippage is absolutely 
prevented as each bead fits into an individual 
pocket. Bead Chain drives have been proved on 
many products such as business machines, tele- 
vision tuners, venetian blinds, etc. 


RETAINER FOR STRAYING PARTS Soves time 
at plant or at home by keeping straying parts at hand. Adds value and 
soles appeal for pennies. 





CONNECTOR FOR SAMPLES For fabrics, paint, plastics, etc. Convenient, 
non-kinking, attractive, strong. 


It will pay you to think how Bead Chain could help improve your product. 

As the world’s largest manufacturer of Bead Chain, we offer the “know- 
how” acquired in applying Bead Chain to meet the requirements of thou- 
sands of uses. Call on us. 

Bead Chain is available in many metals and finishes, and in five sizes, 
from: 
44" 18-Ib, test to %” 185-Ib. test 





® 


BEAD CHAIN 


The Bead Chein Menvfecturing Co., 
92 Mi. Greve Street, Bridgeport, Connecticut, 





Our Readers Say contin 


thon Administration report, made 
October 1950 by E. T. Morris, 

Chairman of the Electronics Prod 
tion Board of DPA and Lt. Col. ¢ 
B. Lindstrand of the Electronics P 
duction Resources Agency. You 1 
be able to obtain detailed informat 
from this source. 

Two manufacturers of selenium 
tifiers were visited by the Governn 
survey team. These are 

1. SAF (Suddeutsche Apparat | 
rik) Nurnberg, Germany 

2. Siemens & Halske A. G.. M 
nich, Germany 

They manufacture conventional d 
type rectifiers. Siemens & Halske |} 
developed a rod type rectifier. TI 
company could supply a half milli 
rod type selenium rectifiers per yea 
the report states. They have an ad 
quate raw material supply. You mig 
try contacting these two companies 
rectly. 


High Pressure Lubricants 
To the Editor: 


We have noted with interest, on 
page 122 of your January issue, a bri 
reference made to the successful us 
of “Molybdenum Disulphide as 
lubricant” where extreme bearing pres 
sures are involved. 

We would be much obliged if yor 
could tell us where we could find 
source for additional information rela 
tive to the use and procurement of 
this lubricant. G. H. Pte! 

Owens-Illinois Glass - 


Ed—lI suggest that you write to th 
Climax Molybdenum Co., 500 Fifth 
Ave., New York, N. Y. and request 
a copy of the booklet entitled “Moly! 
denum Disulphide as a Lubricant.”’ 


Where Are They? 
To the Editor: 


After reading the article appearing 
in the May issue of Propuct ENGI 
NEERING regarding “Internal Driv« 
Pumps”, we directed an inquiry to At 
lantic Pump Corporation, Philadelphia 
Pennsylvania, which was returned duc 
to insufficient address. We do not find 
this firm listed in Thomas’ Register 


and would very much 2 mesg recei\ 


ing their mailing address from you 
—H. WEsLEY SAVAG! 
Oak Ridge National Lal 


Ed—-The address of the Atlanti 
Pump Corp., mentioned on page 13 
of the May issue is 4272 Wissahickor 
Ave., Philadelphia 32, Pennsylvania 
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‘AMERICAN 
FOR 
CIRCULAR 
WELDED 
PRODUCTS 








Send for your copy 
of ovr 20 page 










AMERICAN WELDING & | 


MANUFACTURING CO. - WARREN, OHIO 


illustrated catalog 


OpucT ENGINEERING 


SEPTEMBER, 


2952 


LET US SEND YOU MORE FACTS OR 
BETTER YET SEND US YOUR SPECIFICATIONS 


FOR PROMPT QUOTATIONS 
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Entrance to offices of 


Hobbing 


a= 


FAIRFIELD MANUFACTURING CO. 
















efficiently » economically! 


@ At Fairfield, YOUR GEARS are in the hands of 
specialists equipped with every modern facility for pro- 
ducing fine gears EFFICIENTLY, ECONOMICALLY. 
By specializing exclusively in “Fine Gears Made to 
Order” for more than thirty years, Fairfield has become 
one of America’s largest producers of these parts. This 
is why many makers of construction machinery... 
agricultural implements... machine tools... military 
equipment... tractors, trucks, and buses now regularly 
depend on Fairfield to meet their 

requirements. For the Best in 
Gears, Specify Fairfield. 


new plant n 





Indiana 


2305 So. Concord Road, Lafayette, indiana 
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Numerical Methods in 
Engineering 


Mario G. SALVADORI, Assoc. P 
Civil Eng., Columbia Univ.; M 
L. BARON, Reseas Assoc., ( 
Unit 258 bh G6 x Om. Publi 
Prentice-Hal Ing 70 obafit 
New Y 11,N. Y. $6.65 


A well recognized shortcom 
the mathematical ability of mai 
ginecring graduates is the gap betw 
the knowledge of the theories invo 
and the technique of applying 
theories to physical problems. It 
purpose of this presentation, the 
to introduce students, scientists 
particularly engineers to those elen 
tary techniques which are needed m¢ 
often in the solution of technical pr 
lems. It is assumed that the read 
has a knowledge of the calculus a 
a smattering of differential equatior 

rhe five chapters of the book 
with: 

1. The solution of algebrai 
tions of high degree and of simult 
ous linear algebraic equations 

2. The elementary theory of fu 
differences and its application to 1 
merical differentiation, integration 
terpolation, and extrapolation 

3. The solution of ordinary 
valuc problems 

i. The solution of ordinary bou 
dary and characteristic-value problen 

5. The solution of problems 
volving partial differential equat 
of boundary, characteristic, and 1 
types 

In the presentation of the mater 
finite difference theory is mad 
unifying basis of all the nun 
techniques. This makes the treatn 
of the various subjects effi 
and avoids unnece.,ary repetition 
also allows a simple evaluation of 
rors throughout the book and 
haps for the first time, the systen 
use of efficient extrapolation 
dures 

The various numerical tech: 
are either introduced by, or appl 
to, a simple illustrative problem ta! 
from the various fields of engin 
(mechanics, strength of mat 
electricity, elasticity, plasticity, h 
flow, vibrations, elastic stability 
in order to give as wide a rang 
applications as possible with 
limits of space and prerequisites Bu" 
the reader does not need to be fami! 
with the particular field of know! 
involved in the illustrative pr 
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in hydraulic hose assemblies 


with this revolutionary, easy-to-use 
ANCHOR SPLIT-FLANGE CLAMP 


Here’s a brand new time- and trouble-saver for the users of 
hydraulic hose and piping — Anchor's exclusive Split-Flange 
Clamp. Check these features — they're what you've been 
looking for. 

LEAKPROOF — the "O” ring, successfully utilized in so many 
hydraulic applications, provides a perfect seal 

EASY TO ASSEMBLE — no unwieldy pipe wrench required. All 
you need is a small automotive type wrench. Ideal where 
clearances are limited. 

ELIMINATES PIPE THREADS — can easily be removed or attached 
over and over again. No tapered threads or wedging action 
to cause distortion in pump housings, cylinders, or valve bodies 
WIDE RANGE OF SIZES AND TYPES — straight or angle styles 
with clamp or pressed-on couplings — sizes from ¥/)-inch ID 
to 2-inch ID. Available for high, medium, or low-pressure 
service and suction return lines, Send coupon for further 
information. 


ANCHOR COUPLING CO. INC. 


Factory: LIBERTYVILLE, ILLINOIS © Branch: DETROIT, MICHIGAN 


Pe eS See Se 28822 8 eq 

@ ANCHOR COUPLING CO. INC., Dept. pE92 ¢ 

7 Libertyville, Il. “ 

Yes, I'm interested in Anchor Split-Flange Clamps 

s Please send me a bu mn with more formation a 

Re ae Fy 
Name Positior 

i ’ 

By Company t 

i Company Address & 
City ( ) 

i p11 ' 
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General Purpose Seal... 





Low Cost, High Quality 
"“Pressed-in” Seal... 


High Temperature 
Anti-Corrosive Seal... 






There’s a 


UW 


NN Mechanical Seal 
To Meet. Your 


SCM GLLE 


... most widely used end-face 
seal in industry ... ideal for 
centrifugal, rotary and jet 
pumps, gear reducers and 
many other rotary shaft appli- 
cations . . . offers long life, 
complete flexibility, easy in- 
stallation. Two types availa- 
ble, No. 1 and 2, for varying 
equipment space conditions, 


. the answer to small shaft 
sealing applications involving 
high speeds and vibration. 
Millions of these Type 6A 
Seals are mass-produced for 
automotive water pumps, 
making them available at a 
relatively low cost in stock 
sizes. Each of these easy-to- 
install seals will fit all shaft 
sizes from 1% % in. down to as 


small as 4 in. and under. 


... This Type 9 Seal performs 
effectively at temperatures up 
to 485° F. It incorporates a 
Tefion flexible member which 
is unaffected by all known 
corrosive agents. 


~ * * 


All seals in the “John Crane” 
line are end-face in design 
..-nothing touches the shaft 














which can score it. No matter what your mechanical seal- BP 
ing problem is, there’s a ‘John Crane” seal designed to ex- ' ¢ & € 
actly “fill the bill". Our trained field engineers are ready all 

to work with you in selecting the best seal for your needs. eZ a 


Write for entirely new catalog on “John Crane” Mechanical 


Seals. it’s just off the press! 


Y A 
CRANE PAC 
1845 CUYLER AVENUE 





Lae. 


PACKINGS ~~ MECHANICAL SEALS TEFLON PRODUCTS ~ PIPE SEALING ~LAPMASTER LAPPING 
: COMPOUNDS 
a 


MACHINE 


= 
\ ap | 





KING COMPANY 


CHICAGO 13, ILLINOIS 
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to grasp the meaning of the num 
technique. 

The choice of techniques was | 
upon their simplicity and effici 
some have been known for over 
centuries; others have been adva 
in the recent past. The numerical t 
to which these techniques can b 
plied are, usually, the electric 
calculator and, in many cases, the 
rule. Modern electronic calculator 
which most of these techniques 
also obviously be applied, arc 
mentioned since their theory co 
tutes an entire new field of apy 
mathematics. 

The problems at the end of 
chapter are essentially of two ty 
purcly numerical exercises and ap} 
problems. Many of the numerica! 
ercises represent actual physical | 
Iems and can be interpreted ana 
ically in a variety of ways. 1 
mathematical formulation of th 
plied problem is given or can be 
rived from the text or from th 
numerous references in the footnotes 
Answers are given to alternate prol 
lems and to all problems whose 
swers are of general interest. 


Statistical Theory With 
Engineering Applications 


A. HALp, Prof. of Statistics, U) 
of Copenhagen, 783 pp, 7 x 10 in 
Published by John Wiley & Son 
Inc., 440 Fourth Ave., New York 16 
N. Y. $9. 

Using only standard differential and 
integral calculus this book presents the 
statistical methods important to th 
engineer in his daily work. It covers 
a large part of the theory that was de 
veloped during the past fifty years and 
proved to be of practical value. The 
subject is treated in a mathematical 
way, asserting that statistics cannot 
properly be understood in any other 
manner. But great care has been taken 
to give a simple and coherent exposi- 
tion of the theory—without using ad 
vanced mathematics. 

In studying statistics, Dr. Hald 
lieves, theory and practice must go 
hand in hand, and the full significance 
of a theorem first dawns upon 4 
reader when he studies a_ practical 
application of it. For this reason, every 
important theorem is illustrated with 
examples from actual practical work 

most of them drawn from th 
author's own experience. 





The choice of the statistical methods 
dealt with in the book has been much 


influenced by the works of R. A 
Fisher. The main stress has been ! 
on the normal distribution and 
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, 
Realizing the reception given ideas that were too advanced, 
Leonardo da Vinci took the precaution to write his manus« ripts 
from right to left, instead of left to right. Without the key 

to his method, many of his ideas and inventions lay almost 
unheeded until the present day * In the realms of art, 
mathematics, science and engineering — in the fields of 
geology, geography and astronomy — no man reached farther 
into the future than Leonardo da Vinci. Even the flying 
machine he designed over 400 years ago needed only an 
efficient motor to make it practical * da Vinci and 


Versatility are truly synonymous. 


Wherever strength, style and simplicity—plus economy— 


are necessary characteristics of their products, designers recognize 


the advantages in Van Huffel cold formed metal shapes 
and tubing. That's why they have been specifying them 


for nearly fifty years. Van Huffel means versatility. 


antlulte 


TUBE CORPORATION - WARREN, OHIO 








WELDED - LOCK SEAM - OPEN SEAM - BUTTED TUBING - METAL SHAPES - MOULDINGS 














“Joe, where can we 
get these small parts 
in the quantity 
we need?” 





“From Torrington, 
Tom! They turn 
out hundreds of 
thousands of 
precision metal 


parts @ day.” 





seml- 


and 


Batteries of automatic 


automatic machines are working 
teadily and efficiently at Torring 
ton keeping manv of the nation’s 
leading manufacturers supplied 


with small precision metal parts 
ma le to 


Whether 


quantity of parts on a regular basis, 


their specifications. 


vou need a tremendous 


or only an occasional few, we can 
furnish them at a surprisingly low 
ost 
Just send us a sample or blueprint 
of vour small metal components 
iv it il how mar you need Well 
evo t prompt quotation 





THE TORRINGTON COMPANY 
Specialty Department 
554 Field Street * Torrington, Conn. 
Makers of 


TORRINGTON ///0// BEARINGS 
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tests of significance connected with 
this distribution, since these tests hav« 
proved to be of tremendous practical 
value 

Published in conjunction with this 
hook is volume that in 
cludes a comprehensive set of 
tical formulas of practical importance 
and tables containing standard statis 
tical functions. The latter section ts 
designed so that interpolation is un 
necessary; in this mor 
useful than most other tables prevoush: 


published 


a Ss parat 
statis 


respect it 1s 


Electrical Reference 


E. S. LiIncoLn, Consulting Engineer, 
Fellow, AIEE, 8% x 11 m., 1744 
page Published by the Electrical 
Modernization Bureau, Inc., 110 
M ImMaAaroOnNnet k Ave - i bite P! 1/15, N ig 


$25 


This is the second edition of a 
reference book that proved to be of 
great practical value to plant electrical 
engineers, plant maintenance men, 
electrical contractors, design engineers, 
and other groups interested in indus- 
trial and commercial applications of 
electric power. The book covers all 
the practical aspects—description, rat- 
ings, operating principles and func- 
tions of all types of electrical equip- 
ment 

The data in the new edition have 
been carefully revised and expanded 
to include the latest information on 
equipment and uses. The information 
is clearly and simply presented by 
means of text, diagrams, charts and 
tables so that the book should be help- 
ful not only because it shows how 
lectrical equipment operates, but how 
to operate it, and where to get it. 

The book is divided into twenty-six 
desix.nated as follows: Elec- 
trified Industry, Electrical Fundamen- 
tals, Industrial Wiring Systems, Switch- 
boards and Substations. Panelboards, 
Electrical Control, Electrical Pro- 
tective Equipment, Motors and Gen- 
erators, Capacitors, Industrial Lamps 
ind Lighting, Industrial Electrical 
Heating, Electrical Furnaces, Electric 
Welding, Signal and Communica- 
tion Systems, Transformers. Primary 
and Storage Batteries, Industrial 
Electronic Equipment, Electrical Meas- 
uring Instruments, Electrical Measure- 
Electrical Surveys, Electro- 
plating and Electrolysis, Miscellane- 
ous Electrical Equipment, Electrical In- 
sulation, Maintenance of Electrical 
Equipment, Mechanical Drives. Cumu- 
lative Index, Table Index. NEC Index. 
NEMA Index 
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COUPLINGS 


FOR POWER TRANSMISSION 
REQUIRE NO MAINTENANCE 


Patented Flexible Disc Rings 
of specia! steel transmit the 
power and provide for mis- 
alignment and end float. 


Thomas Couplings have a wide 
range of speeds, horsepower 
and shaft sizes: 
Y. to 40,000 HP 
1 to 30,000 RPM 


Specialists on Couplings 
for more than 30 years 
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THE THOMAS PRINCIPLE GUARANTEES 
PERFECT BALANCE UNDER ALL 
CONDITIONS OF MISALIGNMENT, 





NO MAINTENANCE PROBLEMS, 
ALL PARTS ARE 
SOLIDLY BOLTED TOGETHER, 


Write for the latest reprint 
of our Engineering Catalog. 


THOMAS FLEXIBLE 


ele] t] J Ai. cm aor 


WARREN, PENNSYLVANIA } 
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GREATER VARIETY 
HIGHER QUALITY 


ALLMETAL 


F LN 





STAINLESS STEEL 
FASTENERS 


MACHINE SCREWS +» NUTS + BOLTS - WASHERS - PINS - RIVETS 





—_—eowrcsc=————— 


AVAILABLE IMMEDIATELY FROM STOCK, an 
endless stream of first quality “AN” stainless fasteners is 
Allmetal’s answer to the exacting demands of defense pro- 
duction . . . in aircraft, electronics, ordnance, in industry 
everywhere. Always remember Allmetal, to get the fasteners 
you want—when you want them. 


WRITE FOR 
CATALOG, 
ON YOUR 
LETTERHEAD, 


TODAY! 
MANUFACTURERS S |N f » | 


Po Lh de 
afi, SCREW PRODUCTS COMPANY, INC. 
oy np Srene*” 33 GREENE STREET NEW YORK 13,N. Y. 
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YOUNG MEN 
OF VISION 


Their future is based on decisions made today. The 
secret of success at Indiana Gear is to visualize... 
create... prove...and then move on to conquer the 
next problem. Indiana Gear proves from past success 
in a highly competitive business that its policy of using 
master craftsmen, fine equipment, skilled sub- 
contractors, and “young men of vision,” exemplifies the 


perfectly coordinated planning so necessary to solve the 


gear problems of today. 


Sq INDIANA GEAR 


The driven gear shown here Is 5” In pitch diameter 






and 15” long overall. It is carburized and hardened 
with heat-treating distortion held within .001”. 


INDIANA GEAR WORKS e INDIANAPOLIS 7, INDIANA 
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the 1951 National Electrical Code, 
the NEMA Standards is one of 
features of the book. The entire ¢ 
is included, but the various articles 
part of the particular section to wh 
they apply. The index already refer 
to makes it easy to locate any art 
or section of an article. The sam« 
plies to the NEMA Standards both 
to location and indexing. 

Every effort has been made to ins 
the practical nature of the infor: 
tion, its authenticity and accessibil 
As a result, the book should be a va 
able addition to executives, operati 
or maintenance plant personnel, 
tractors and students. 








































Die-Casting—Second Edition 


CHARLES O. HERB, 310 pp, 6 x 9 
Published by The Industrial Pre 
140-148 Lafayette St., New York | 
MN. Fa See. 


Die-casting from its early phases u 
to today’s advanced practice is tho: 
oughly covered in this second editio 
The chapters relation to die-casting ma 
chines, die-casting alloys, and stecis 
for dies and die components have b« 
extensively revised. New examples o! 
unusual die-castings have been added 
—including a detailed description o 
an induction motor rotor die-cast as a 
single unit around stacked laminations 

The latest models in automatic and 
manually operated die-casting ma 
chines are illustrated, such as ful!y 
hydraulic machines of the vertical 
cold-chamber and _ horizontal cold 
chamber types, air-operated vertical 
machines, machines convertible fro: 
cold-chamber to gooseneck type oper 
ation, etc. An interesting a 
of a vertical hydraulic press to di 
casting work is also described. 

Six new tables of die-casting allo) 
compositions and properties have bec: 
added to the chapter on alloys, and 
these are supplemented by the text dis 
cussion of their applications. 

The chapter relating to steels fo 
die-casting dies will be of particula 
interest to die designers since th 
tabular arrangement of the data pr 
sented is an aid in the selection of th 
proper type of die steel for eac! 
component of the die-casting die. 

As in the previous edition, a dis 
tinctive feature is the large number o 
illustrations and detailed descriptior 
of dies for parts ranging from simp! 
shapes to complex forms. The d 
designs which are illustrated are t! 
work of die design specialists, at 
have been successfully used in indu 
try. To further aid the designe 
there is a_ section illustrating an 
describing the die design standard 
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Give Your 
Ejection Problems 


End slow, dangerous hand removal of work with a 
Schrader Air Ejection Set. Install Schrader Air Ejection 
Sets on your power presses—or any machines with moving 
parts to actuate a cam or sliding tripper. You'll find produc- 
tion soars—up to 100% . operator safety is boosted 50°o. 
Replace hand removal with Schrader Air Ejection and 
watch your presses take a new lease on life 


Replace wasteful, homemade steady air blasts with 
Schrader Air Ejection Sets. Air costs drop as much as 90 
because Schrader Air Ejection Sets ration out just enough 


a air to do the job... synchronize your air blast with demand. 
Before you decide your old compressors have reached full 
capacity, check with Schrader to see how to cut air waste. 


...and boost 
production and safety 





Schrader Air Ejection Sets are delivered fully assembled and 
ready to go to work. Their low cost is more than repaid in 
just a few weeks. 

See how Schrader Air Ejection Sets will help you plan 
more effective use of machines. Write, describing the ma- 
chines on which their use is contemplated—or fill out the 
coupon below. 


products 














Air Cylinders * Operating Valves °* 
Press & Shear Controls * Air Ejection 
Sets * Blow Guns ® Air Line Couplers © 
Air Hose & Fittings * Hose Reels * Pres- 
sure Regulators & Oilers * Air Strainers 
* Hydraulic Gauges * Uniflare Tube 
Fittings 
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control the air 


A. SCHRADER’S SON 
Division of Scovill Manufacturing Company, Incorporated 
477 Vanderbilt Avenue, Brooklyn 17, N. Y., Dept. U-2 


1 am interested in more information on 
Name 
Company 


Address 





























. J IX 
. You'll find 
Air Valves for every job 
in this 
- 
For 
Trigger - Quick Control 
( of All 
Air-Operated Equipment 
Solenoid In-Line Valve Foot Valve * 
Straightway, 3 way, 4 way 
+ 
Sizes: Ya" thru %” 
| , i 
Solenoid Pilot Valve Hand Valve ey ‘aa eee 
tion with only one moving 
part add up to more de- 
: , pendable performance, longer 
~ life, reduced maintenance. 
_ COMPACT! The compact de- 
sign of MAC valves makes 
Solenoid Valve Double Solenoid Valve them especially adaptable for 
installations where space is 
limited. 
ECONOMICAL! Yes . . . with 
all their extra advantages, MAC 
valves are actually priced lower 
than many ordinary air valves. 
, Here’s an investment that really 
Pilot Controlled Valve Cam Valve pays off! 
MECHANICAL AIR CONTROLS 
“a BOX 5171 SOUTHFIELD STATION, DETROIT 35, MICH. 
. Write For Free Catalog No. 52-B 
wer 
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New Books contin 
ny I yed 
or die-castiny 1 ny ¢ 
| ment. 
Dies have | n classified in er 


according to their most distinguis} 


n order to facilitat 


— 
ral a 


sti 


haractet 


cating a m or type ol 


gen 


adapted toa v 1 class of work 
The hapters in this bh 
deal with the following subjects 
Die-Casting Process and Its Appl 
tions; Die-Casting Machines and TI 
Development; Alloys for Die-Cast 
Die-Casting Dies and Their Op 


Sixtecn 


tion Multiple Cavity Dies for | 
plicate Castings; Dies with Auxil 
Slides for Exterior Cores: Slid 


Cores in Movable and Stationary D 


° Adjustable Dies for Parts of Diff 
ent Dimensions: Standards for | 
signing Die-Casting Dies; Steels 


Di Casting 
Semi-Automatic 
ing Thin Sections 


Dies: Dic Casting Ww 
Machines: Die-C; 
Die-Casting Bra 


Die-Casting by the Vacuum Pro 
Unit System of Die-Casting: and | 
( isting Cast Iron 


Statistical Quality Control 


EUGENE L. GRANT; Professor of I 

aT f Engineering, Stanford l 
versity Second Edition. 557 pa 
Ox9 in Publi hee by the McG 
Hill Book C 330 West 42nd § 
New York 36, N. Y. $6.50. 


Much expansion in the use of 
techniques of statistical quality contr 
the 

this book was published in 194 
hundreds of industrial companies, th 
() us¢ 


has occurred since first edition « 


is now accepted as a routine 
commonplace cost saving matter. Mar 
of the statistical techniques origina 
nm manutactut 


developed for use 
| 


can be applied successfully to cler 
work and other manufacturing act 
Ce 

This second dition ludes NM 
important changes from the first 


"7 
tron 
The chapters dealing with acceptar 
samping attributes have been 
panded and largely rewritten 
clude developments in multiple 
sequential sampling. Rewriting | 
been aimed at up-to-date coverage 
the attributes sampling procedur 
used by the military services; the o 
jective has also n to improve t 
presentation of fundamental princip! 
The chapter with 
2 | ance sampling by variables has b« 
entirely rewritten. Many recent d 


by 
to 


dealing accel 


e velopments in this field are describe 

including the Shainin Lot Plot a: 
the variables tables and procedur 
T developed by the Applied Mathemat 





chee Bellas 
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work with exces jer tormerly re 
mechanically 


i with Metal Stripper “A 


noved 


eane 


METAL STRIPPER “A” is an alkaline material used at room temperature to 


ping of nickel, copper, zinc, cadmium and silver. No attack on base stee 


~— 


METAL STRIPPER N-165 §S is o neutral material that is added to acids for rap 


lead, tin, 


d dissolving of nickel 


zinc and cadmium from copper base alloys 


Work is immersed in an acid solution containing 1 lb. per gallon of Metal Stripper N-165 S fro 

150-180° F. Acids used are sulphuric, hydrochloric, sulfamic and fluoboric acids. Rate of stripping is 
from 0.001” to 0.008” per hour. 

ZINC STRIPPER is an alkaline material used in a steel tank that rapidly strips zinc from steel witt 
out current. Solid zinc, electroplated zinc and hot galvanized coatings are readily dissolved. Operating 


is 200-210° F. 


temperature 


WRITE Enthone for advice and information on stripping of defective plated work and the selective 


dissolving of metals. Also ask for Enthone check list of 60 products for better metal finishing 


ENTHONE cuore 


442 ELM STREET 
HAVEN, CONNECTICUT 
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FINISHING 
PROCESSES 


NEW 
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Easy as 
. +e ONE 
o--F WO 
.. THREE 


to install this 
new waterproof 
Push Button Switch! 


through panel. 





back of panel. 


That's all there is to it! You've installed 
this new Riverside push button switch that 
actually opens and closes circuits under- 
water . . . functions perfectly from 65°F. 
below zero to 165°F. above . . . defies salt 
spray and withstands shock and vibration! 





Screw protective cap over 
pushbutton end of switch. 


Yes, the switch must do all that to meet tough military “specs”. . . 
but it’s iceal for your low current applications as well. Its continuous 
rating is 10 amperes at 15 volts D.C., 30 volts D.C., or 125 volts A.C. 
It's single throw, one circuit, available either normally “open” or 
normally “closed”. Switch body is encased in a specially developed 
rubber compound. Waterproof lead wires are vulcanized into the 
rubber case, becoming integral with the assembly, as does the switch 
mechanism itself. Waterproof connectors are assembled to the leads 
when required. 


Perhaps you can use this switch right in its present form. If not, 
our engineers will be glad to design variations to suit your particular 
problem. We're specialists in the design and manufacture of all 
sorts of intricate electrical devices and assemblies . . . and we'll be 
happy to help solve your problem, as soon as we hear from you! 
Why not write, today? 


Waterproofed Toggle Switches, too! 


Complete line of standard models, 
same rigid “specs” as above. Up to 
200 amp. rating, various toggle and 
mounting arrangements. Write for in- 
formation. 














5 iversiide Manufacturing 


AND ELECTRICAL SUPPLY COMPANY 
10225 MICHIGAN AVENUE « DEARBORN, MICHIGAN © PHONE Tiffany 6-6800 


WIRING HARNESSES AND ASSEMBLIES e CORD SETS « HEATER AND EXTENSION 
CORDS « ELECTRICAL SWITCHES « RELAYS « MOLDED RUBBER PRODUCTS 


Drill or punch mounting hole 


Insert switch body through 
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New Books contis 


and Statistics Laboratory of Stant 
University 

The treatment of the cost as; 
of quality decisions has been con 
erably expanded. 

Master tables from ‘Military Sta 
ard 105A—Sampling Procedures 
Tables for Inspection by Attribut 
have been included in an appen 
Two tables for use in variables sar 
ling are also included. 

Like that of the first edition, | 
object is to present a book that mig 
be useful to production and insp 
tion supervisors, to engineers, and 
management. The aim is to give ji 
enough theory to supply practi 
working rules that will enable one 
recognize the limitations of the met! 
ods as well as their many uses. 





Management Controls in 
Industrial Research 
Organizations 


RoBert N. ANTHONY, Associate Pr 
fessor of Business Administration, A 
sisted by JOHN S. Day, Research A 
sociate, Division of Research, Gradua 
Schoel of Business Administratio 
Harvard University, 537 pp, 5V2 x 8Y 
in. Published by Division of Researc! 
Harvard Business School, Soldier 
Field, Boston 63, Massachusetts. $6.75 


The growth of scientific research 
departments in American industry ha 
given rise to numerous relatively new 
problems of administrative control 
Scientific research necessarily is non 
standard and individualistic. The very 
circumstances, however, which render 
it difficult to exercise effective admit 
istrative control over scientific research 
activities also intensify the need for 
such control 

Business organizations have d 
veloped useful control techniques for 
production, finance, marketing, and 
other functional areas. The develop 
ment of control techniques for the r 
search function has not progressed so 
far. Dr. Anthony recognizes that re 
search activity differs greatly fron 
other activities of the industrial firm 
that success in research largely d 
pends on the freedom of the research 
worker. He contends, however, that 
industrial research must be managed 
as it is only one part of the activity o 
an Organization with finite resour 
and specific over-all objectives. Th 
conclusion is that the central proble: 
in the management of industrial «« 
search is one of finding “the proper 
balance between freedom at the labora 
tory level and direction from the top.’ 

The kinds of information on whic! 
the study is based consisted of (1 
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with GREER ACCUMULATORS 


The Greer Accumuiator, a simple invention utilizing 


Boyle's Law, is revolutionizing the design of equip- 
ment for production and defense. 


Presses that formerly required 50 hp motors now op- 
erate more efficiently and economically with 1% hp 
motors and Greer Accumulators. A manufacturer of 
large drilis reduced work spoilage 24'/2 % by installing 
Greer Accumulators on his production equipment. 


Greer Bulletin 30! illustrates the 
use of Greer Accumulators as an aux- 
iliary source of power in intermittent 
duty systems, for leakage-volume 
pressure compensation, as an emer- 
gency power source, for operating 
secondary circuits, for absorbing 
shocks, and other applications. Send 
for your copy today. 


Greer Accumulators enabled a die casting equipment 
manufacturer to use 15 hp motors to do a 45 hp job and 
to reduce floor space by 32 sq. ft. per machine. 


We offer you, without charge, the experience gained 
in hundreds of different Greer Accumulator applica- 
tions to help you reduce the cost and increase the 
efficiency, dependability, and performance of your 
equipment. 














U. S&S PATENTS UNDER OLEAR LICENSES 


GREER HYDRAULICS, INC. 458 18th Street + Brooklyn 15, N. Y. 


Sales Representatives in Principal Cities District Office: 407 So. Dearborn St., Chicago 5 
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" Oll SEALS 


THREE separate and distinct 
laboratories to solve 
your sealing problems 







Good packings design requires 
exact answers to specific hydraulic, 
itic, or fluid retention 
with rubber or leather. 








Supplying these facts is the 






important function of Trostel research 
lying them out of experience 











wherever possible; developing 

new com] nds and impregnations where 
existing materials are found wanting. 
The end result is a thoroughly tested 
known operating 

that can be produced 

ically, in quantity, 

rigid laboratory control. 

We invite you to join the many 
well-engineered companies who 
found these services 

both indispensable and profitable. 


Illustrated hulletin on request. 






ALBERT TROSTEL PACKINGS, LTD., Lake Geneva, Wisconsin 


Formerly Division of Albert Trostel & Sons Co., Milwaukee, Wis. 































2 
: $ : 


SYNTHETICS LABORATORY 


IMPREGNATIONS LABORATORY 
















BRANCH OFFICES 


SEATTLE @ HOUSTON e 








NEW YORK @ LOS ANGrlES e SAN FRANCISCO 
WORCESTER, MASS. 


TROSTEL 
QUALITY: 













PRODUCT 
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New Books continus 
over 200 interviews with research a 
ministrators, controllers, financial « 
ccutives, presidents of companies at 
their assistants, government official 
university faculty members, and cor 
sultants; (2) responses to a sury 
mailed to all the research organiz 
tions listed in the National Resear 
Council Directory as employing mo: 
than 15 persons; and (3) literatur 
primarily in the fi ld of manageme: 
control problems in res¢ 


ee ee 


arch organiz 
tions 

Part I, Statement of the Proble 
focuses on the particular aspects of r 

arch management to be included i 
the study. These ar 
ispects of (1) the management of th 
technical program, (2) the manag 
activities, (3) th 
moncy, (4) cquip 
ment management, and (5) personn 
management 

In Part II, the reader's attention is 
directed to Factors Which Relate 1 
the Problem. These variables are iso 
lated and described under three gen 
eral classifications: Factors common to 
control problems in general; the re 
search worker and the research prox 
ess; and factors responsible for differ 
ences among laboratories. 

In Part III, the author treats current 
control practices within a functional 
classification as follows: Planning th 
technical program, budgeting by or 
ganization units, operation of and 
checking up on the technical progran 
operating control over certain types ot 
spending, control of service depart 
ments, accounting for and checking uj 
on spending, control of the procure 
ment and use of equipment, yard 
sticks: comparisons with other labora 
torics. 

Four chapters, describing in detail 
the .urrent control techniques in four 
specific industrial laboratories, cor 
pose the concluding part of the study 


desc ride d 


ment Of service 


management of 































Primer of Electronics 
and Radiant Energy 


DON CAVERLY, Second Edition; 6 x ‘ 

342 pp. Published by McGrau 
Hill Book C Inc., 330 West 42d 
St., New York 36, N. Y. $3. 


With the many advances made in 
radio and television fields, and with 
the development and use of atomic 
energy to peacetime projects, there has 
been a desire for information about 
the electron and radiant energy. This 
book, containing general principles 
underlying electronics and how ra 
diant energy is produced and con 
trolled. is actually a digest of infor 
protons 


itnon on how electrons. 
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_in this new Soreng Solenoid 


—- Compact « Light Weight - Quiet 


abora 


Note These Advantages Here is another brand new Soreng Solenoid—designed especially 


for applications where power 1s needed in a small size unit 


detail 


four Small and compact 
, . : Shading coil is in base of plunger for greater efficiency and 
Light = weight high S¢ aling pull. Regularly furnished for intermittent duty on 
Quiet in operation 115. 60 cycle a-¢ Can also be furnished On special ordet for 
Operates in any position other a-c voltages. 


Exceptionally powerful in Available with Soreng Plug-In. terminals, solder lugs 
relation to size terminals or wire leads. 

Engineered for dependabil- Like all Soreng Solenoids. Model 12880 is engineered ind built 
ity and long life to outlast the products on which it is used. That’s your assurance 
Shading coil in base of of top quality, dependability, long life 
phanger Sor qpentar emslency For further details on Model 12880 
and high sealing pull. 


or on any Soreng electrical 


_ 


component address Dept N29. 


PULL CHARACTERISTICS 


yt ong irae: +4 America’s Largest Manufacturer of Solenoids NV) 
a 1.3 
9 1.5 

YI 1.8 9555 Soreng Ave., Schiller Parks Ill. (Chicago Suburb) 

Sealed 2.0 3.1 Plants: Schibler Park, Ill. + Fremont, Ohio 
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TACO HEATERS INCORPORATED @ 137 SOUTH STREET, PROVIDENCE 3, 


300 





Coolers or Chillers 


(IN ANY SHAPE OR METAL) 


for heating or cooling —WATER—HYDRAULIC OIL, LUBRICATING 
OILS — COOLANTS — CUTTING OILS — OTHER LIQUIDS 





COME TO TACO... 
WE'RE EXPERTS- 


IN MAKING SHELL AND TUBE 


HEAT EXCHANGERS IN 
Y SHAPE 
ANY METAL OR AN 







Whenever the product you're designing or manufacturing 
requires a shell and tube heat exchanger, discuss your 
space limitations and design requirements with Taco. You 
can be sure our solution will save you space, time and a 
lot of engineering headaches. We've been helping 
manufacturers who need special heat exchangers of different 
metals for many years. 


Here are Two Examples of Special Taco Heat Exchangers 


Designed to Meet a Space and Capacity Problem 


£ 
ate 
re. 
es 
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New Books . .continuc 


neutrons, and other compositc ator 


particles behave and are controll 


and how the radiant energy from th 


release is utilized. 

Divided into four parts, the bo 
begins with a section of electricit 
explaining the structure of the ato: 


| the electron, isotopes, molecules, a: 


then proceeding to a general discu 


| sion of this whole topic. Part II is d 


voted to a treatment of magnetis: 
bringing in descriptions of generator 
transformers, and harmonics. Par 
III describes in detail electromagnet 
radiation and has information on et 
ergy, light, infrared and ultraviol 
radiation, radio waves, X-rays, radio 
activity, atomic energy, and oth 
electronic devices such as radar, loran 
and sonar. Part IV discusses electro: 
tubes and various sources of radiant 
energy 

Many specially prepared illustra 
tions supplement the text. 


Theory of Matrices 


SAM PERLIs, Associate Professor of 
Mathematics. Purdue University. 237 
pp, 6x 9 in. Published by Addison 
Wesley Press, Inc., Cambridge 42 
Mas;., $5.50. 


The theory of matrices is covered in 
such a manner that this book is suitabl« 
as a text for both mathematics majors 
taking a first course of one semester, 
and for other students of meager 
mathematical background. Care is 
taken in writing proofs, discussions 
and examples to illustrate definitions 
and theorms. In addition there is a 
gencrous supply of exercises including 
adequate amounts of numerical work 
but bearing on simple theoritical ques 
tions. Occasional queries are inserted 
in the text proper to focus attention 
on a fine point or to stimulate review 
of earlier topics. Where parallel 
theories occur, one is worked out in 
detail and the other merely outlined 
details of proof being left for th 
student to work out. 

The main purpose of the book is 
to establish the well-known canonical 
forms. Rank, nonsingularity, and in 
verses are introduced in connection 
with the development of canonical 
matrices under the relation of equiv 
alence, and without the intervention of 
determinants. Congruence and Her 
mitian congruence are the next major 
topics. In the latter chapters, charac- 
teristic vectors and roots lead to the 
various diagonalization theories, cul- 
minating in the study of normal 
matrices 

Numerous supplementary topics are 
treated in appendixes located at the 


Propuct ENGINEERING — SEPTEMBER, 1952 





Pr 























Minuc 


aton 
roll 
1 the 


bo. 

tricit 
ator 
, al 
liscu 
is d 
etisn 
rator 

Par 
genet 
nm er 
viol« 
radio 
oth 
loran 
ctror 
idiant 


ustra 


wr of 
237 
lison- 


tae, 


ed in 
table 
ajors 
ester, 
eager 
e is 
ions 
tions 
iS a 
iding 
vork, 
gues 
erted 
ntion 
view 
rallel 
it in 
ined, 
the 


Ik is 
nical 
l in 
‘tion 
nical 
Juiv 
n of 
Her- 
ajor 
urac- 
the 
cul- 
rmal 


; are 
the 





952 









Ford Instrument Company 






has pioneered in the field of gun-fire control 





mechanisms thru two world wars. Ford developments 





have contributed to superior Naval Ordnance efficiency 
These and subsequent Ford developments currently 
supply control instruments to defense and industrial 
installations requiring precision performance. 















Miniature Preeision Bearings 







incorporated, are the originators and pioneer manufacturers of precision 





ball bearings in miniature sizes. The conception of practically every develop- 





ment in this field has been by MPB. 






More than 120 types and sizes of MPB ball bearings are regularly supplied in 





10 designs, of high carbon chrome bearing steel; some are available in stainless 






and in beryllium copper. They range in size from 1/10” o.d. in radial serics to 





7/16” o.d. in thrust series. Special designs where indicated. They are fully 






ground, lapped, honed, and/or burnished to ABECS tolerances or better. Latest 





most exacting finishing and inspection procedures insure the type of quality 





_—— ew wee 


bearing that users have come to rely upon. 






MPB ball bearings supply all the advantages universally accepted in larger 






counterparts. Design engineers are assured of complete cooperation. Catalog 






showing complete range, selection data on request. Ask for survey sheet PE 9 


















Present demand exceeds supply despite extensive post-war expansion 






Greater production facilities, new exclusive processes have produced a 






finer product — will permit our participation in your future planning 




















v. Miniature Precision Bearings 


P C/) Incorporated PE Keene, New Hampshire 






save 





9 space 
weight 
friction 


** Pioneer Precisionists to the World's foremost Instrument Manufacturers 
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EAD ENGINEERING 


“KEEPS 
YOUR 
POWER 
DRY”... 


Model No. FI4G7ZL 


6 
% § THREADED PIPE 
55 1 HOLE &@ PLUG 
A small fractional H.P. all-purpose electric motor completely 
waterproof and capable of instant operation even after long 
periods of submersion in sea water. Another example of 
EAD's engineering know-how! 


SPECIFICATIONS 


A.C. Single phase capacitor or 3 phase squirrel cage motor, 
Induction or synchronous ® Reversible rotation © 115V or 
220V © 60 or 400 cycles * 1/15 H.P. to 1/3 H.P. * 900 
RPM to 12,000 RPM ®¢ Continuous or intermittent duty ¢ 
Meets military specifications for corrosion resistance, fungus- 
proof, humidity, shock and vibration. 


Motor can be furnished totally enclosed or open, with 
terminals Or connectors as required. Can be mounted for 
operation in any position. Will function efficiently in 
ambient temperatures up to 71°C. 

APPLICATIONS 
Driving fans, blowers, pumps, generators and antennas, 


Solving special problems 








is routine at EAD 


if your problem involves rotating electrical equipment, 
bring it to EAD. Our completely staffed organization will 
modify one of our standard units or design and produce 
a special unit to meet your most exacting requirements. 








EASTERN AIR DEVICES, INC. 


585 DEAN STREET, BROOKLYN 17, NEW YORK 


Frame No 


109 
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New Books continue 
ends of various chapters. Thus the 
are available near the point at whic! 
become relevant but are not in 
trusions upon the development of th 
main theorems. 

The text is laid out so that it can b 
covered rapidly or slowiy dependin; 
on the mathematical background of th 
student. For advanced mathemati 
students the text material can b 
covered in One semester, while a yeal 
should be devoted to it for students 


they 


of enginecring, psychology, chemistry 
and other subjects 


An Introduction to 
The Theory of 
Differential Equations 


WALTER LEIGHTON, Professor 
Mathematics, Washington University, 
174 pp, 6 x 9 in., Published by the 
McGraw-Hill Book Co., Inc., 330 
West 42 St., New York 36, N. Y 
$3.50. 

In planning and writing this text 
book, covering a subject of much 
theoretical and practical importance, 
an unusual effort has been made to 
give substance to the fundamental ex- 
istence theorem and_ to present 
coherently the content of the theory 
The aim being to make these concepts 
a part of the students background. 

This book is a distinct departure 
from the usual collections of special 
methods of obtaining formal solutions 
of the various types of differential 
equations. The author is convinced 
that such collections impart to th« 
student only a few superficial notions 

The more useful formal methods of 
solving differential equations, of 
course, are presented. The applica- 
tions of the methods discussed are 
selected from the field of classical 
mechanics. These include orthogonal 
trajectories, mixtures, decompositions, 
Newton's laws of motion, gravita- 
tional attraction, simple harmonic mo- 
tion, the vibrating spring, damped 
vibrations, and forced vibrations. 

The method of successive approxi- 
mations is given more attention than 
is usual in textbooks on differential 
equations. Particularly complete are 
the treatments of subjects such as the 
linear differential equation of the sec- 
ond order, the regular singular point 
in the real domain as discussed in thc 
chapter dealing with solutions in 
power series, and the theorems on 
oscillation. 

For reference appendices are in 
cluded that deal rigorously with the 
fundamental existence theorem, im- 
plicit-function theorem, existence of an 
integrating factor, and revular integ 
rals 
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